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Grain abscess is a relatively unrecognized 
complication of congenital heart disease, so little 
known that only rarely does one find reference 
to | in any standard textbook of medicine. This 
obscurity must result in part at least from the 
scarcity of published cases, only 23 having been 
reported to date. Hanna? in 1941 collected 17 
cass from the literature and added 6 more of 
his own. Of this entire series, in only 3 cases, 
1 -eported by Ingham? and 2 reported by 
\\ -hsler and Kaplan,® was the disease correctly 
di: nosed prior to death and surgical drainage 
of .e abscess attempted. In all probability, this 
ap; rent obscurity and paucity of reported cases 
rey csent the failure either of their recognition 
or | their publication rather than the rarity of 
the: occurrence. 

| uree cases of brain abscess associated with 
sep'.l defects of the heart coming to autopsy at 
the \lallory Institute of Pathology of the Boston 
Cit) Hospital during the years 1936 to 1943 
fori the body of this paper. These cases were 
selected from the 7,880 autopsies performed 
during these years, which included 53 cases of 
congenital heart disease of all types. There 
were no other instances of encephalomalacia 
encountered in the latter group—a point of some 
interest in relation to the discussion which 
follows. 

REPORT OF CASES 

Case 1—A 10 year old girl was admitted to the 
Boston City Hospital with a history of listlessness and 
extreme lethargy for seven days. A persistent cough 
appeared three to four days later, followed by intrac- 
table vomiting. She became increasingly drowsy up 


to the day of her admission to the hospital, on which 
day she complained of a severe headache with pain in 


From the Mallory Institute of Pathology of the 
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the left ear. There were no signs of fever, stiff neck 
or localizing neurologic symptoms up to the time of 
her admission. Her past history revealed that from 
birth she had been recognized as having congenital 
heart disease and had always been restricted to a 
regimen of limited activity. No history of cyanosis 
could be elicited. Of some passing interest is the fact 
that the patient was a 3% pound (1,560 Gm.) prema- 
ture infant at birth. 

Physical Examination—On admission she appeared 
to be a well developed, dehydrated, restless child having 
intermittent, spastic, purposeless movements of the arms. 
Soon after admission she became disoriented and lapsed 
into coma. Her temperature was 103 F., pulse rate 
120 and respiratory rate 26. Cyanosis was moderate 
but definite. There was a well defined clubbing of the 
fingers. The heart was not enlarged. The pulse rate 
was extremely rapid. A machinery murmur, most 
noticeable in the apical region, was heard over the 
entire precordium. . Nuchal rigidity and positive Kernig 
and Brudzinski reflexes were prominent. There were 
no other neurologic signs. 

Laboratory Studies—There was time for only a 
lumbar puncture, which gave the following results: 
The fluid was purulent, with 34,000 cells per cubic 
millimeter, mostly polymorphonuclear leukocytes, and 
the sugar was diminished. Smear of the spinal fluid 
demonstrated many gram-positive cocci in pairs and 
short clusters. Culture of the spinal fluid revealed a 
streptococcus with alpha hemolysis. Culture of the 
blood at this time showed no growth. 

Course——Treatment was started with 2.5 Gm. of sul- 
fadiazine, intravenously injected, and fluids adminis- 
tered parenterally, but the coma deepened; the tempera- 
ture rose to 104 F.; breathing became gasping, and the 
patient died with a terminal convulsion seven hours 
after her admission. 

Postmortem Examination—The only significant ob- 
servations pertained to the heart and brain. The heart 
weighed 150 Gm. (approximately the usual size and 
weight) and presented the classic tetralogy of Fallot, 
with (a) dextroposition of the aorta, (b) pulmonary 
stenosis, with a valvular lumen 0.3 cm. in diameter, 
(¢) cor pulmonale, the right ventricle measuring 1.2 
cm. in thickness as compared with the thickness of 
the left ventricle of 1 cm. and (d) an oval defect, 
1 by 1.2 cm, lying in the tendinous portion of the 
interventricular septum. The brain weighed 1,300 Gm. 
(slightly increased in size and weight). The surfaces 
were flattened, with increased vascularity of the lepto- 
meninges and narrowing of the sulci. There was a 
definite edema of the left cerebral hemisphere, with 
widening of this hemisphere. The base of the brain 
was covered with a layer of yellow-white purulent 
exudate. In the left parieto-occipital lobe there was 


279 


ach 
vid 
us. 
‘he 
in- 
Vas 
the | 
his 
ec- 
‘on 
yas 
ied 
ed 

= 


280 ARCHIVES OF INTERNAL MEDICINE 


an abscess cavity, thin walled, up to 2 cm. in diam- 
eter, occupying chiefly the central and convolu- 
tional white matter. At one point the abscess had 
extended to within 0.2 cm. of the pia, and at another 
point it had ruptured into the posterior horn oi the 
left lateral ventricle, producing a ventricular empyema 
and meningitis. 

Microscopically, the abscess cavity was filled with 
purulent exudate containing many demonstrable cocci. 
The abscess wall was thin and poorly formed, showing 
active proliferation of fibroblasts. No thrombosed ar- 
teries or veins wére demonstrable, nor were there any 
other lesions in the brain suggestive of infarcts or 
hemorrhages. 

The remainder of the observations made at autopsy 
were not pertinent to the present discussion save for 
the fact that no foci of infection were found anywhere 
else in the body, including extremities, lungs, middle 
ears and sinuses. 

Bacteriologic Studies—There was no growth in the 
cultures of the heart blood or the lungs. The culture 
of the brain abscess grew streptococci with alpha he- 
molysis, fusiform bacilli and Borrelia vincenti. The 
culture of the spinal fluid grew streptococci with 
alpha hemolysis. 

Comment.—This case is typical of the disease com- 
plex in one of its more confusing manifestations—a 
brain abscess containing, besides streptococci with alpha 
hemolysis, obvious oral organisms, namely, fusiform 
bacilli and spirochetes. No path of extension from 
the oral cavity to the brain or recognizable origin for 
infected emboli could be found. 


Case 2—A 19 year old married Negro woman en- 
tered the hospital on Aug. 28, 1936 for the fourth 
time. 

In 1926, at 9 years of age, she injured her right hip 
by a fall and was subsequently hospitalized for drain- 
age of the hip joint. An uneventful recovery followed, 
with no further symptoms referable to this infection. 

Approximately three to four years later in a routine 
examination her mother was found to have a positive 
Wassermann reaction, and the patient was likewise 
found to have a positive reaction. She received regu- 
lar and adequate antisyphilitic treatment until she was 
discharged as cured. 

In 1934 she again entered the hospital, because of 
failing vision. A diagnosis of bilateral cataracts was 
made, and at the same time the patient was found to 
be diabetic. The diabetes was controlled by diet and 
insulin. 

Her fourth, and final, admission was initiated by an 
incidental acute glossitis. At this time she admitted 
that she had stopped taking insulin several months 
before reentering the hospital. 

In the course of the physical examination at the time 
of her admission, intense cyanosis of the mucous mem- 
branes with clubbing of the finger tips and toes was 
noted. Questioning revealed that the patient had noted 
these changes since childhood, but she disclaimed any 
knowledge of heart disease or any symptoms referable 
to cardiac decompensation. 

Physical Examination—She was an alert, well ori- 
ented, cooperative Negro woman with the obvious 
cyanosis and clubbing of finger tips and toes already 
mentioned. The margins of the gums were retracted, 
and the tongue was edematous and covered with irreg- 
ular patches of exudate. The heart was not enlarged. 
The pulse rate was 120 with regular rhythm, and a 
continuous machinery murmur was heard best over 


the second left interspace. The abdomen was normal. 
Deep tendon reflexes of the lower extremities were 
absent, but sensation, pain and vibratory sense were 
within normal limits. 

Laboratory Studies—The only important results of 
laboratory tests were a hemoglobin content of 122 to 
128 per cent, a red blood cell count of 7,000,000 cells per 
cubic millimeter and a white blood cell count of 5,100 
cells per cubic millimeter. The blood sugar was 308 
mg. per hundred cubic centimeters, and the urine was 
essentially normal save for a 4 plus reduction of sugar 
with traces of acetone. Culture of material from the 
mouth demonstrated pneumococci, Streptococcus viri- 
dans, Micrococcus catarrhalis and Staphylococcus 
aureus. 

Course—With a diet supplemented by 40 units of 
regular insulin daily the hyperglycemia and glycosuria 
were gradually controlled. The patient was well and 
ambulatory ‘by the fifth day in the hospital but was 
asked to remain in order that her diabetes might be 
more carefully controlled. On the fifteenth day, aiter 
she had received 50 units of insulin, clonic convulsive 
movements of the left arm suddenly developed. Since 
it was assumed that the neurologic seizure was a reac- 
tion to the insulin, the dose was lowered to 40 units 
the next day but was again followed by a similar 
incident, with a residual weakness of her left arm 
and leg and a slight weakness of the left facial muscles. 
On the following day, the hemiplegia was well defined. 
Lumbar puncture at this time yielded a slightly cloudy 
fluid under no elevation in pressure, having 250 white 
blood cells per cubic millimeter, 92 per cent of which 
were polymorphonuclear leukocytes. Twenty-four hours 
later there was noticeable stiffness of the neck. The 
spinal fluid was now grossly cloudy, containing 3,(100 
white blood cells per cubic millimeter with 87 per cent 
polymorphonuclear leukocytes. On the next day, the 
third since the onset of signs referable to the central 
nervous system, the patient was in deep coma with 
obvious fulminating meningitis and hemiplegia of the 
left side. Culture of the cerebrospinal fluid now re- 
vealed an atypical streptococcus with alpha to gamma 
hemolysis. Cultures of the blood repeatedly showed 
no growth. The rapidly progressive course of the 
disease could not be altered by any therapy, and she 
died nineteen days after her admission and four days 


following the onset of the signs and symptoms referable. 


to the central nervous system. 


Postmortem Examination—The only observations of 
significance were in the mouth, heart and brain. The 
gums were soft, necrotic and spongy, showing areas 
of frank exudation. The heart weighed 280 Gm. and 
was slightly increased in weight but extremely increased 
in size. There were multiple congenital defects present 
which constituted the tetralogy of Fallot, together with 
a patent ductus arteriosus. The right ventricle mea- 
sured 1.8 cm. in thickness, in contrast to the thickness 
(1.5 cm.) of the left ventricle. In the interventricular 
septum there was found a circular defect, 2 cm. in 
diameter, lying just below the aortic valve ring. The 
pulnionary valve orifice was completely occluded by 
a membranous septum. The ductus arteriosus was 
widely patent, with a diameter of 1.5 cm. The aorta 
was dextroposed and was so situated as to receive 
blood from both the right and the left ventricle. 

The brain weighed 1,080 Gm., was decreased in 


size and weight and showed evidence of considerable. 


cerebral edema as demonstrated by the flattening of 
convolutions and obliteration of the sulci. The sub- 
arachnoid space contained yellow-green purulent exu- 
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date, distributed most heavily over the left cerebral 
hemisphere and base of the brain. Within the right 
parieto-occipital lobe there was a roughly spherical 
cavity, 4 cm. in diameter, filled with thick purulent 
exudate, communicating with the lateral ventricle 
(fig. 1). 

The remaining organs were essentially normal save 
for slight bilateral bronchopneumonia of the lower lobes 
of the lungs. 

Microscopically, sections of the right hemisphere evi- 
denced a fairly recent brain abscess, showing slight 
fibrosis of the wall. The meninges contained a sparse 
infiltration of lymphocytes and polymorphonuclear 
leukocytes. No organisms were seen in the tissue 
sections of the brain abscess and meninges. The gross 
diagnosis of bronchopneumonia was confirmed by char- 
acteristic microscopic appearance of focal areas of 
infiltration with polymorphonuclear leukocytes about 
widely scattered bronchioles. 

Racteriologic culture of the meninges showed no 
gr wth, perhaps because of the sulfonamide medication. 

Comment.—This case presented an unusual oppor- 
tunity for following the course of the disease from its 
very inception. The patient was in the hospital for 
incidental reasons when localizing neurologic signs sud- 


Fig. 1—The abscess is represented by the irregularly 
shaped cavity just above and communicating with the 


posterior horn of the lateral ventricle. The central 
white matter above and lateral to the cavity is softened 
and hemorrhagic. The apparent enlargement of the right 
parietal lobe is due to cerebral edema. 


denly developed. The suddenness and the dramatic 
character of the onset led clinical observers to the con- 
clusion either that a cerebral embolism, primary site 
unknown, had developed or that there was an intra- 
vascular thrombosis, initiated by the marked poly- 
cythemia. The time relation of the first convulsive 
seizures with the administration of the insulin raised 
some question as to the role that the insulin might have 
played in the cause of this symptom complex. 

The possibility of the development of a brain abscess 
was apparently not considered, although many features 
of this case were suggestive of this complication. Al- 
though no obvious focus for the origin of septic emboli 
could be found either clinically or pathologically, the 
infections of the mouth and lungs must both be con- 
sidered as possible points of origin. 

This case is characteristic of others in this group, 
illustrating the unheralded development of a cerebral 
abscess in a patient with the tetralogy of Fallot, with 
Tupture of the abscess into a ventricle producing fatal 
meningitis. 

Case 3.—A 20 year old white woman was transferred 
to the Boston. City Hospital on July 20, 1942 from a 


neighboring hospital, with the diagnosis of acute purulent 
meningitis and congenital heart disease. 

The patient was known to have had “heart trouble” 
since birth, with blueness of the extremities and dyspnea 
on slight exertion. 

At 10 years of age she had several bouts of “growing 
pains,” but the condition was considered too minor to 
warrant medical consultation. 

In 1934, two years later, the pain in the legs recurred, 
and she was admitted to the Massachusetts General Hos- 
pital, where a diagnosis was made of rheumatic heart 
disease superimposed on a congenital defect of the heart. 

With the exception of her severe exertional dyspnea, 
she was asymptomatic for the next six years. 

Two weeks before her last admission to the hospital, 
on July 20, she began to experience intermittent head- 
aches, which became constant four days before she en- 
tered the hospital. These headaches were accompanied 
by nausea and projectile vomiting. Although she be- 
lieved that she had had some fever, she said that she 
had not experienced any chills. She complained of a 
slight stiffness of the neck and appeared to show inter- 
mittent periods of mental confusion. 

Physical Examination—On her admission she ap- 
peared restless, somewhat irrational and acutely ill. 
There was a definite cyanosis of the face, lips and nail 
beds. There was slight injection of the ear drums 
bilaterally, and the neck was rigid. 

The heart rate was 104 with a gallop rhythm heard 
over the entire precordium. The pulmonic second sound 
was loud and snapping, with a soft, blowing systolic 
murmur heard along the left border of the sternum. 
This murmur was heard loudest at the third left inter- 
space. The spine was hyperextended, with active resis- 
tance to attempted flexion. Kernig reflexes were elicited 
bilaterally. The ankle and abdominal reflexes were ab- 
sent. The fingers and toes showed pronounced clubbing. 

Laboratory Studies.—In the time available only a lum- 
bar puncture was performed, which yielded cloudy fluid 
under increased pressure, containing 330 mg. of protein 
per hundred cubic centimeters and many white. cells, 
chiefly polymorphonuclear leukocytes. No bacteria were 
seen. 


Course——Her temperature continued to rise (to 105 
F.) despite the administration of sulfonamide compounds. 
Nine hours after her admission, although no growth 
from the culture of the spinal fluid had been obtained, an 
empiric intrathecal injection of antimeningococcus 
serum was given. She was transferred to the Boston 
City Hospital, department of contagious diseases, where 
the results of physical examination were identical with 
those just given, except that the blood pressure now 
was 60 systolic and 0 diastolic, with a weak thready, 
rapid pulse. Despite all supportive measures, she died 
within twenty-four hours. 

It may be noted that at no time did a culture of the 
spinal fluid reveal organisms, although on one occasion 
gram-negative cocci were reported to have been seen 
on smear. 

Postmortem Examination—Again the only pertinent 
observations related to the heart and brain. The heart 
weighed 350 Gm. (slightly increased in size and weight). 
It presented, again, the complex of congenital cardiac 
malformations known as the tetralogy of Fallot, with a 
defect 1 by 1.5 cm. of the interventricular septum, dextro- 
position of the aorta, pulmonary stenosis and cor pul- 
monale. 

The ductus arteriosus was, likewise, widely patent. 
The right ventricle measured 1 cm. in thickness, exactly 
equal to the thickness of the left ventricle. 

The brain was also similar in many respects to those 
previously described and weighed 1,440 Gm. It was 
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intensely congested, showing over its sulci and vascular 
channels a yellow-green purulent exudate. Coronal 
section revealed a small abscess cavity 1 cm. in trans- 
verse diameter and 5 cm. in length in the left superior 
temporal convolution. It contained a thick green 
exudate e -losed in a firm, apparently fibrous wail. At 
one point in its extent, the abscess could be seen to 
communicate with the lateral ventricle and subarachnoid 
space (fig. 2). All ventricular cavities were filled with 
thick purulent exudate. 

Microscopic examination of the brain sections demon- 
strated the abscess wall to be well formed, containing 
many fibroblasts and newly formed blood vessels. An 
inflammatory tract could be seen to communicate with 
the lateral ventricle. 

Bacteriologic Study.—A smear of the exudate, while 
demonstrating many white bloed cells, showed no or- 
ganisms, and the culture of the meninges revealed no 
growth. 

Comment.—Case 3 bears a great similarity to case lin 
that in a patient with known congenital heart disease 
signs of meningitis insidiously developed, which rapidly 
led to her death. As in the previous cases, the under- 
lying brain abscess was completely unsuspected. 


Fig. 2—The abscess cavity is situated in the left 
superior temporal gyrus and extends from the cortex 
almost to the body of the lateral ventricle in this plane 
of section. 


COMMENT 


It is interesting to note that in cases 1 and 3 
the fatal illnesses were initiated by the insidious 
development of lethargy, drowsiness and head- 
aches, progressing to signs of frank meningitis 
and death. 

Case 2, on the contrary, was somewhat more 
confused by the simultaneous occurrence of 
diabetes and other incidental conditions. In this 
patient the fatal illness was initiated by sudden 
seizures resembling reactions to insulin, and it 
was not until the day before her death that 
meningitis became clinically apparent. 

Despite the fact that in 2 cases the terminal 
illnesses developed insidiously and in the third 
somewhat acutely, all 3 cases present good 
illustrations of this not rare complication of 
congenital heart disease, namely, the develop- 
ment of a brain abscess. The unexpected onset 
in a patient with congenital heart disease of 
signs and symptoms pointing to a lesion of the 
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central nervous system of a focal type, which 
when untreated leads to frank meningitis and 
sudden death, may well indicate the development 
of a cerebral abscess with subsequent rupture 
of it into the cerebral ventricular system. 

While practically all varieties of septal defects 
have been associated with brain abscess, the 
complex known as the tetralogy of Fallot is by 
far the most common, occurring in 10 out of 21 
cases of this complication reported in the litera- 
ture and in all 3 cases of this report, a total 
of 13 out of 24 cases. 

In the cases reported here two abscesses oc- 
curred in the left side and one in the right side. 

The precise pathogenesis of brain abscesses 
occurring in patients with septal defects of the 
heart is not known. However, many closely 
related facts which throw considerable light 
on the problem are known. I may begin by 
stating that there are only three known mecha- 
nisms by which brain abscesses may develop 
in any patient: (@) direct extension from sonic 
neighboring infection, such as mastoiditis or 
osteomyelitis of the skull, (b) retrograde throm- 
bophlebitis from some source similar to thet 
just mentioned and (c) some embolic phe- 
nomenon from a distant focus of infection. [a 
the preceding cases it was definitely establishe i 
that the brain abscesses could not have arisen 
from nearby infections ; hence, it must be assume | 
that they were embolic in origin. 

Contrary to common belief, it is now well 
established by the work of Malinovski* and 
others that simple implantation of organisms 
into the brains of animals, either by infection 
of the blood stream or by direct inoculation, will 
not give rise to brain abscess. Equally well 
known is the fact that in animals abscess can 
be produced in the brain only by prior injury 
to the brain substance or its vascular supply 
followed by the implantation of organisms into 
the site of injury. Many technics have been used 
by Markley,’ Graff, Thomas,’ Falconer, Mc- 
Farlan and Russell* and others to produce 
these abscesses, all of them based on the 


4. Malinovski, N.: Ueber kiinstlich erzeugte Gehirn- 
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5. Markley, G. M.: A Method for the Experimental 
Production of Brain Abscesses, Proc. Soc. Exper. Biol. 
& Med. 47:171 (May) 1941. 

6. Graff, R. A.: Experimental Production of Ab- 
scess of the Brain in Cats, Arch. Neurol. & Psychiat. 
31:199 (Jan.) 1934. 

7. Thomas, L.: A Single Stage Method to Pro- 
a Brain Abscess in Cats, Arch. Path. 38:472 (April) 

8. Falconer, M. A.; McFarlan, A. M., and Russell, 
D. S.: Experimental Brain Abscesses in the Rabbit, 
Brit. J. Surg. 30:245 (Jan.) 1943. 
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theory just mentioned. The agents used to 
produce the initial injury vary from trauma by 
mechanical injury to injection of sodium ricin- 
oleate and infected agar mass, the latter agent 
acting both as a foreign body and as an infectious 
agent. The injury has been either accompanied 
with or followed by the direct implantation of 
organisms into the traumatized site. It therefore 
seems reasonable to assume that brain abscesses 
associated with septal defects of the heart must 
simply be a result of paradoxic emboli in the 
brain, either sterile or infected, producing. an 
arca of lowered resistance, followed in the former 
instance by bacteremia which infects the area 
of encephalomalacia. In this regard, it is to 
be hoped that study of a larger number of these 
cases may reveal instances of encephalomalacia 
prior to their infection by organisms spread 
though the blood stream. This hypothesis has 
pr viously been discussed by Hanna and others. 
U: fortunately, it has been difficult in our cases 
hee and in most of the previously reported 
ca es to demonstrate adequate origins for the 
er oli and the transient bacteremia. However, 
ths failure does not necessarily completely 
in. ilidate this working hypothesis, because it 
m.v be impossible in certain cases to demonstrate 
or sins for many embolic phenomena, and the 
ba teremia may have been so transient as to 
have passed entirely undetected. 

in the hope that it might be possible to sub- 
stantiate experimentally the assumption that 
abscess results from embolism followed by in- 
fection, experiments were carried out on rabbits 
in which attempts were made to produce focal 
areas of encephalomalacia by injection of par- 
ticulate matter into the internal carotid artery, 
followed in ten to twelve days by the intravenous 


injection of virulent cultures of organisms. 
These experiments were similar to the work 
of Graff. Inasmuch as great difficulty was en- 
countered in the production of small focal in- 
farcts with these technics, I attempted to 
traumatize the brain substance directly by instru- 
mentation and injection of sodium ricinoleate 
and followed this at an interval by the intravenous 
injection of virulent cultures of Staph. aureus, 
Escherichia coli and alpha hemolytic streptococci. 
These attempts, as were those of Stewart cited 
by Graff,® were all unsuccessful, inasmuch as 
the areas of injury did not become abscessed. 
However, the number of experiments performed 
was too few to permit final decision, and more 
work is in progress along this line. 


SUMMARY AND CONCLUSION 


Three cases of cerebral abscess complicating 
congenital septal defects of the heart are added 
to those previously reported, bringing the total 
number of such cases in the literature to date 
to 26. In only 3 cases in the literature has an 
antemortem diagnosis of the disease been made 
and surgical drainage been instituted, a propor- 
tion which reflects principally the difficulty in 
diagnosis, arising in most instances from un- 
familiarity with this complication of septal de- 
fects of the heart. 

With the increased number of cases reported, 
it is to be hoped that in patients with congenital 
heart disease, especially in those having the 
tetralogy of Fallot, underlying brain abscess will 
be considered in the diagnosis of any focal neuro- 
logic damage or meningitis. Certainly only early 
recognition will permit successful surgical inter- 
vention and hope for cure of this uncommon ~ 
syndrome. 
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INFLUENCE OF ANOXEMIA ON THE HEMOPOIETIC ACTIVITY 


ALBERTO HURTADO, M.D.; 


CESAR MERINO, M.D., aAnpb 


ERNESTO DELGADO, M.D. 
LIMA, PERU 


The exact mechanism responsible for the 
maintenance of an equilibrium between produc- 
tion and destruction of blood in the normal per- 
son is not entirely understood, but it has become 
an almost established fact that the oxygen tension 
of the circulating blood is an important factor in 
regulating the degree of hemopoietic activity. 
Since the observations of Bert? and Viault,? in 
the second half of the last century, it has been 
customary to refer to the polycythemia found in 
human beings and animals exposed to a low 
barometric pressure as the classic example of the 
stimulating effect of oxygen deficiency on 
erythrocyte and hemoglobin formation. The 
demonstration by Barcroft and his collaborators * 
in 1923 that newcomers and residents at high 
altitudes exhibit a lowering of the arterial oxygen 
saturation as a consequence of the low oxygen 
tension in the inspired air opened a most fertile 
field for the accurate study of the relationship 
between the degree of anoxia and the hematologic 
response. However, the opportunity has not been 
adequately appreciated, and most studies at high 
altitudes have been carried out on human beings 
or animals subjected for only a few hours or days 
to such an abnormal environment. It does not 
need to be emphasized that the results obtained 
_ in these observations, as well as in short time 
experiments in chambers where the pressure or 
the percentage of oxygen is artificially lowered, 
do not reveal the true nature of the processes of 
hematologic adaptation to a constant or intermit- 
tent deficiency in the oxygen supply to the tissues. 
The degree as well as the duration and constancy 
of the anoxic stimulus must play a part in in- 
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351, 1923. 


fluencing the hemopoietic activity. A more 
ample knowledge of these modifying factors not 
only may be of value from the point of view of 
exposure to a low barometric pressure but may 
help to clarify some related clinical problems. 
Anoxia in one form or another is an alteration 
common to many pulmonary, circulatory, hematic 
and other diseases in which the blood findings 
have been partially or totally related to the dis- 
turbance in respiratory function. In other proc- 
esses, like polycythemia vera, anoxia is sus- 
pected to have an important etiologic role, but 
conclusive proof has not been afforded yet. 

The investigations to be reported in this paper 
concern the morphologic and other characteristics 
of the circulating blood under the influence of 
temporary, intermittent and chronic anoxic 
anoxia (anoxemia). Most of the work has been 
carried out at high altitudes (chart 1), and the 
results obtained have been compared with those 
observed in the study of healthy subjects at sea 
level and in previous related investigations. No 
attempt has been made to cover all the vast litera- 
ture accumulated in this field, which has been 
recently summarized by Van Liere.* 


METHODS 


All determinations have been made on blood taken 
in the morning while the subject was fasting or after 
he had eaten a light breakfast. Fifteen to twenty cubic 
centimeters of blood was obtained from a venous punc- 
ture, care being taken to release the tourniquet as soon as 
the needle was introduced, and 5 cc. was transferred 
to a small bottle containing 10 mg. of potassium oxa- 
late in powder. The rest of the blood was utilized for 
the determination of the serum bilirubin in its total 
amount ® or in fractionated forms; for the latter inves- 
tigation the Malloy-Evelyn photoelectric colorimetric 
procedure © was used, and the serum proteins by means 
of the refractometric index and the Kagan falling drop 
method.7 On the 5 cc. of oxalated blood the following 
determinations were made: (a) number of erythrocytes 
and of leukocytes per cubic millimeter, a double 
Neubauer counting chamber being used, and the aver- 
age of two counts taken as the final result; (b) number 
of reticulocytes (per hundred red cells and per cubic 


4. Van Liere, E. J.: Anoxia: Its Effect on the Body, 
Chicago, University of Chicago Press, 1942. 

5. Barron, E. S. G.: Medicine 10:77, 1931. 

6. Malloy, H. T., and Evelyn, K.: J. Biol. Chem. 
119:481, 1937. 

7. Kagan, B. M.: J. Clin. Investigation 17:373, 1938. 
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millimeter), brilliant cresyl blue being used as stain; 
(c) the hematocrit value, measured with a Wintrobe tube 
which was centrifuged for forty-five to sixty minutes at 
about 3,000 revolutions per minute in an International 
size 1 type SB centrifuge (the hematocrit figure was 
multiplied by 1.09 to correct for the shrinkage due to 
the anticoagulant used), and (d) hemoglobin (grams per 
hundred cubic centimeters), estimated either by measur- 
ing the oxygen-combining capacity of the blood in the 
Van Slyke manometric apparatusS or by employing 
the Evelyn photoelectric colorimeter previously cali- 
brated with the former method. Capillary blood was 
obtained immediately after the venous puncture, from 
a tinger or the lobe of the ear. From this sample a 
smear was made and stained with Wright's stain; this 
was used for the determination of the differential leuko- 
cyte count, according to Schilling’s scheme,® and for 
the measurement of the diameter (microns) of the red 
cells. For the latter determination a calibrated ocular 
micrometer was used. A total of 300 cells were measured 
in cach case, with the exception of some studied at the 
highest altitude, in which only 100 to 200 cells were 
measured, owing to the difficulties of obtaining an ade- 
For a few subjects these investigations 


quate smear. 

were made on the sample of venous blood. The mean 
corpuscular volume (cubic microns), the mean corpus- 
culir hemoglobin (micromicrograms) and the mean cor- 
pus-ular hemoglobin concentration (per cent) were 
cal ulated according to Wintrobe’s formulas.!° The 
meon corpuscular thickness (microns) was calculated, 


ind rectly, by means of the formula 
mean corpuscular volume 


2 
3.1416 X ( >) 


in hich D equals the mean corpuscular diameter. The 


meon corpuscular surface area (square microns) was | 


calculated from the formula 
(= x2)4 (3.1416 x T x 
in which V represents the mean corpuscular volume, 


T the mean corpuscular thickness and D the mean cor- 
puscular diameter. The spherocytic index was derived 


= mean corpuscular thickness. 
from Heilmeyer’s ** formula, mean corpuscular diameter 


The fragility of the red cells to hypotonic solutions 
of sodium chloride was studied in some subjects by the 
method of Giffin and Sanford.12 At high altitudes the 
viscosity of the blood was determined by means of a 
Hess viscosimeter and distilled water for comparison. 
In a few cases the gastric acid content was investi- 
gated, 50 cc. of a 7 per cent alcoholic solution orally 
administered and a subcutaneous injection of 0.5 cc. of 
histamine phosphate solution being used as stimulants 
for the gastric mucosa. 

The total circulating blood volume was determined in 
most cases by the method of Keith, Rowntree and 
Geraghty,13 with the modifications of Hooper, Smith, 


8. Peters, J. P., and Van Slyke, D. D.: Quantitative 
Clinical Chemistry: II. Methods, Baltimore, Williams 
& Wilkins Company, 1932. ; 

9, Schilling, V.: El cuadro hematico y su valor en 
la clinica, Barcelona, Editorial Labor, 1931. 

10. Wintrobe, M. M.: J. Lab. & Clin. Med. 17:889, 
1932. 

11. Heilmeyer, L.: 
17:292, 1936. 

12. Todd, J. C.: Clinical Diagnosis by Laboratory 
Methods, Philadelphia, W. B. Saunders Company, 1923. 

13. Keith, N. M.; Rowntree, L. G., and Geraghty, 
J. T.: A Method for the Determination of Plasma and 
Blood Volume, Arch. Int. Med. 16:547 (Oct.) 1915. 
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Belt and Whipple.14 A 1.5 per cent solution of bril- 
liant vital red was employed. In a smaller group of 
cases, at sea level and at high altitudes, Evans blue 
was employed in the determination, according to the 
technic of Gibson and Evans.15 Five samples of blood 
were obtained at known intervals after the injection, 
and the concentration of the dye was observed by means 
of the Evelyn photoelectric colorimeter, with use of the 
microabsorption cell described by Evelyn and Gibson.1¢ 
The carbon dioxide content and the oxygen saturation 
of the arterial blood were determined in blood obtained, 
with the usual precautions to avoid exposure to the 
air, from the radial artery. The blood was kept under 
mercury and at a low temperature when several hours 
elapsed before the analysis. The determinations were 
carried out according to the method of Van Slyke and 
Neill ® in their manometric apparatus. 


NORMAL HEMATOLOGIC VALUES AT SEA LEVEL 


A considerable number of observations made on 
healthy male adults in different parts of the 
world, which have been reviewed by several in- 
vestigators ‘7 and are summarized in table 1, 
have demonstrated that there are not definite 
geographic or racial differences at sea level in 
regard to the number of red cells and the amount 
of hemoglobin in the circulating blood, a fact 
pointed out by Wintrobe ** some years ago. We 
have made observations on 200 healthy men 
living in Lima, at sea level.’ The results ob- 
tained for half of these subjects have already 
been published.*® Most of the men studied were 
medical students, and a few belonged to the army ; 
their ages varied between 19 and 45 years, with 
the large majority between 20 and 30 years. 
Ninety of the men had been born and raised at 
sea level, and 110 were natives of places located 
at altitudes over 2,000 meters (7,560 feet) and 
had lived at sea level for periods varying from six 
months to many years. In the analysis of the 
collected data no appreciable difference was found 
between the values for men born at sea level and 


14. Hooper, C. W.; Smith, H. P.; Belt, A. E., and 
Whipple, G. H.: Am. J. Physiol. 51:205, 1920. 

15. Gibson, J. G., and Evans, W. A.: J. Clin. Inves- 
tigation 16:301, 1937. , 

16. Evelyn, K., and Gibson, J. G.: J. Biol. Chem. 
122:391, 1938. 

17. (a) Wintrobe, M. M.: Bull. Johns Hopkins Hosp. 
53:118, 1933. (b) Nelson, C. F., and Stoker, R.: Folia 
haemat. 58:333, 1937. (c) Isaacs, R.: The Erythrocyte, 
in Downey, H.: Handbook of Hematology, New York, 
Paul H. Hoeber, Inc., 1938. (d) Myers, C. V., and 
Eddy, H. M.: J. Lab. & Clin. Med. 24:502, 1939. (e) 
Meccheri, L. A.: Publ. d. Centro de invest. tisiol. 4:83, 
1940. (f) Wardlaw, H. S. H.: M. J. Australia 2:103, 
1941. (g) Hamre, C. J., and Au, M. H.: J. Lab. & 
Clin. Med. 27:1231, 1942. 

18. Lima is located at an altitude of 150 meters (490 
feet); from the point of view of the studies reported 
in this paper, this may be considered as sea level. 

19. Hurtado, A.; Pons, M. J., and Merino, M. C.: 
La anemia de la enfermedad de Carrién, Lima, Peru, 
Libreria e Imprenta Gil, 1938. 
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those for men born in high localities, provided 
that the latter had been living at sea level for a 
prolonged time. In consequence the findings for 
both groups are given together in table 2. On the 
other hand, men who had been born at high 
altitudes and had been living in Lima for only a 
few months frequently showed a moderate reduc- 
tion in red cells and hemoglobin. For this reason 
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obtained in different parts of the world, and the 
statistical variations are not higher than the ones 
ordinarily found in such determinations. The 
values corresponding to some of the morphologic 
characteristics of the circulating erythrocyte 
(mean corpuscular volume, hemoglobin and 
hemoglobin concentration) also agree closely 
with those observed by Wintrobe *® and other 


TABLE 1.—Average Values for Red Blood Cells and Hemoglobin at Sea Level in Healthy Men. Summary of 
Literature Reviewed by Several Authors 17 


Red Blood Cells, Hemoglobin, 
Number of Millions per Gm. per 
Investigators Place Subjects Cu. Mm. 100 Ce. 
Wintrobe and Miller....... U.S. A. 100 4,85 17.0 
Wintrobe 86 5.48 16.0 
Haden.... U.S.A. 70 4.95 15.3 
U.S.A. 259 5.42 15.8 
Osgood and others. U.S.A. 137 5.39 15.8 
Foster and Johnson. U.S.A. 115 5.26 15.6 
Isaacs and Fritzell... U.S.A. 57 5.08 15.2 
Sachs, Levine and Fabian. U.S.A. 100 4.88 15.0 
Kaltreider, Hurtado and U.S.A. 25 16.2 
Hurtado, Pons Peru 100 5.26 15.7 
Price-Jones, Vaughan and Goddard..................... England 100 5.50 14.5 
England 100 5.43 14.5 
Jervell and Waaler.. Norway 50 5.52 16.2 
and others Norwa 51 5.27 
Switzerland 5.00 15.0 
Millet and ee Belgium 50 3.90 13.3 
Jimenez Diaz... Spain 18 4.88 ages 
Spain 40 14.9 
Komocki....... Poland 33 5.84 weiie 
Heilmeyer and Hansold Germany 40 5.06 15.9 
Ea ee Germany 40 4.96 16.0 
st Philippine Islands 104 one 14,1 
and others Australia 25 15.1 


the results obtained for 25 natives of high alti- 
tudes with a period of residence at sea level of 
less than a year have been separately summarized 
(table 3). 

The mean values for number of red blood cells 
per cubic millimeter, grams of hemoglobin per 
hundred cubic centimeters and hematocrit level 
(percentage of red cells) in the blood of the 
series of 175 healthy men are similar to those 


investigators.'** There is some discrepancy in the 
results found by several workers in regard to the 
normal diameter of the red blood cells. The 
related literature has been summarized by Price- 


20. Wintrobe, M. M.: Anemia: Classification and 
Treatment on Basis of Differences in Average Volume 
and Hemoglobin Content of Red Corpuscles, Arch. Int. 
Med. 54:256 (Aug.) 1934. 
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Jones ** and recently by Isaacs.1** The mean 
observed values vary between 7.20 and 7.90 mi- 
crons (measured in dry stained preparations). 
Our mean value of 7.48 + 0.01 microns falls 
within the accepted normal limits of variation. 
The coefficient of variation of 2.0 per cent indi- 
cates an extremely small fluctuation of the mean 
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shek and Singer ** have indicated a normal range 
of 1.9 to 2.4 microns. Our mean value, of 2.09 
+ 0.01 microns, relates closely to such findings, 
but it is higher than the low values reported by 
Emmons ** and Gram,”*> who used entirely dif- 
ferent methods in the measurement. Guest and 
Wing ** and Bernstein and Chesluk ** recently 


TABLE 2.—Observations on Blood of Healthy Men at Sea Level 


Coefficient 
Number of of Varia- Extreme 
Determinations Subjects Mean+P.E. St. Dev.+P.E. tion (%) Variations 
Red blood cells (millions per cu. mm.)..................05-- 175 5.14 + 0.02 0.34 + 0.01 6.6 4.32 - 5.90 
Hematocrit (red Cells, Per Comb). .ccrcccccccccccscccvecescccss 175 46.8 + 0.11 2.3 + 0.08 4.9 41.0 - 52.7 
175 16.00 + 0.04 0.80 + 0.03 5.0 13.96 - 18.30 
Corpuscular mean volume (cu. microns) .................. 175 91.3 + 0.23 4.5 + 0.16 4.9 77.8 - 108.1 
Corpuscular mean diameter (microns) ...........-..-....+. 130 7.48 + 0.01 0.15 + 0.01 2.0 7.10 - 7.88 
Cor; uscular mean thickness (microns) ...... 130 2.09 + 0.01 0.12 + 0.01 5.7 1.75 - 2.43 
Corpuscular mean surface area (sq. microns 130 136.7 + 0.22 3.8 + 0.14 2.8 = 3 - 145.3 
130 0.28 + 0.01 0.01 + 0.004 3.6 0.28 - 0.33 
Cor; uscular mean hemoglobin (micromicrograms). ic 175 31.2 + 0.09 1.9 + 0.06 6.1 27.0 - 35.5 
Cor) iscular mean hemoglobin concentration (per cent)... os 175 34.1 + 0.07 1.4 + 0.06 4.1 30.9 - 37.4 
93 0.5 + 0.02 0.3 + 0.01 60.0 0-1.2 
Reticulocytes (thousands per cu. ‘mm. a errr 93 18.4 + 0.94 13.4 + 0.66 72.8 0- 61.1 
Red blood cell fragility: 
CHET CODE). 38 0.46 + 0.001 0.01 + 0.001 2.2 0.48 - 0.40 
88 0.38 + 0.002 0.02 + 0.001 5.2 0.40 - 0.34 
Bilirubin, total © (ang. per 100 C6.).....002.cccsececccccvccves 93 0.76 + 0.08 0.33 + 0.02 43.4 0.41 - 1.61 
Bilirubin, total ¢ (mg. per 100 CC.)............ccccccerccenees 92 0.72 + 0.02 0.27 + 0.01 37.5 0.26 - 1.44 
direct ¢ GMs. PO 92 0.37 + 0.01 0.15 + 0.01 40.5 0.138 - 0.94 
Bilirubin, indirect ¢ (mg. per 100 CC.)........ ccc ceeeeeeeereees 92 0.35 + 0.01 0.16 + 0.01 45.7 0.04 - 0.96 
Leukocytes (number per cl. MM.)..............ceceeeeeeeeeee 167 6,800 + 77 1,480 + 54 21.8 3,480 - 14,840 
Neutrophils, stab (per 2.6 + 0.10 1.3 + 0.07 50.0 0-6 
Neutrophils, segmented (per cent)...............-.+.. 55.1 + 0.58 7.3 + 0.41 13.2 38 - 70 
Neutrophils, total (per cent)............2c.seseseeeees 57.8 + 0.63 | 7.9 + 0.45 13.7 38 - 72 
ges se 4.2 + 0.23 2.9 + 0.17 69.0 0-15 
0.6 + 0.04 0.6 + 0.08 100.0 0-2 
7.2 + 0.20 2.5 + 0.14 34.7 2-14.5 
29.8 + 0.47 5.9 + 0.34 19.8 18 - 49 


* Colorimetrie determination using a cobalt solution as standard. 
t Photoelectric colorimetric determination; technic of Malloy-Evelyn.® 


Tazsie 3.—Observations on Blood of Healthy Adult Men Born at High Altitudes and Studied at Sea Level 
After a Residence of Six Months to a Year 


Coefficient 
Number of of Varia- Extreme 
Determinations Subjects Mean+P.E. St. Dev. +P.E. tion (%) Variations 
Red blood cells (millions per cu. MM.)........-...eeeeeeeeeee 25 5.00 + 0.04 0.382 + 0.03 6.4 4.46 - 5.85 
Hematocrit (red cells, per cent) ome 25 44.0 + 0.32 2.4 + 0.23 5.4 37.5 - 49.1 
Hemogiobin (STAINS PEF OC.) 25 14.70 + 0.13 1.00 + 0.09 6.8 12.26 - 17.00 
Oorpuscular mean volume (cu. microns).................... 25 88.8 + 0.62 4.6 + 0.44 5.2 75.9 - 96.3 
Corpuscular mean diameter (microns) .................0+5 . 20 7.46 + 0.08 0.20 + 0.02 2.7 7.11 - 7.81 
Corpuscular mean thickness (microns) ...............-.00+. 20 2.02 + 0.02 0.11 + 0.01 5.4 1.83 - 2.28 
Corpuscular mean surface area (sq. micronms).............. 20 133.6 + 0.75 5.0 + 0.53 3.7 124.7 - 143.5 
20 0.28 + 0.008 0.02 + 0.002 7.1 0.24 - 0.32 
Corpuscular mean hemoglobin Gnicromicrograms) nome 25 29.6 + 0.29 2.2 + 0.21 7.4 25.7 - 33.5 
Oorpuseular mean hemoglobin concentration (per cent)... 25 33.4 + 0.16 1.2+ 0.11 3.6 81.7 - 36.3 


corpuscular diameter in healthy men. There are 
few observations in the literature concerning the 
thickness, surface area and spherocytic index of 
normal red blood cells. Price-Jones, Vaughan and 
Goddard,”* following a technic similar to the one 
used by us, found a mean corpuscular thickness 
of 2.14 microns in 100 healthy men, and Dame- 


21. Price-Jones, C.: Red Blood Cells Diameter, Lon- 
don, Oxford University Press, 1933. 

22, Price-Jones, C.; Vaughan, J. .M.,. and Goddard, 
H. M.: J. Path. & Bact. 40: 503, 1935. 


found average values of 139.7 and 135.5 square 
microns, respectively, for the mean corpuscular 


23. Dameshek, W., and Singer, K.: Familial Non- 
hemolytic Jaundice: Constitutional Hepatic Dysfunction 
with Indirect van den Bergh Reaction, Arch. Int. Med. 
67:259 (Feb.) 1941. 

24. Emmons, W. F.: J. Physiol. 64:215, 1927. 

25. Gram, H. C.: Acta med. Skandinav. 66:295, 1927. 

26. Guest, G. M., and Wing, M.: J. Clin. Investi- 
gation 21:257, 1942. 

27. Bernstein, M., and Chesluk, H. M.: J. Lab. & 
Clin. Med. 27:1280, 1942. 
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surface area, figures which approximate our 
mean value, of 136.7 + 0.22. It is interesting 
that this measurement, which is indirect and de- 
rived from others, has in our series of normal 
men a low coefficient of variation (2.8 per cent). 
Dameshek and Singer ** have given the values of 
0.25 to 0.33 as the normal range for the sphero- 
cytic index; our mean value of 0.28 + 0.01 falls 
within this range. 

We have observed in the series of healthy men 
studied at sea level that the variations in some 
of the morphologic characteristics of the circulat- 
ing erythrocytes are related to the number of 
these cells per cubic millimeter (table 4). Al- 
though these variations are small and within 
the normal range, the observed relationship is of 
interest in connection with the findings at high 
altitudes, which will be discussed in another sec- 
tion. 

There is some variation in the results obtained 
by several investigators in regard to the normal 
number of reticulated red cells in the peripheral 
blood, but with the exception of Osgood, Baker 


Taste 4.—Relationship Between the Number and the 
Morphologic Characteristics of the Red Blood Cells 
(Observations on 175 Healthy Men at Sea Level) 


Red Blood Num- Corpuscular Corpuscular 


Cells, ber Corpuscular Mean Mean Hb 
Millions of MeanVolume Hb+P.E, Concentration 
per Sub- + P.E., Micro- + P.E., 
Cu.Mm. jects OCu.Microns micrograms per Cent 
4.00 - 4.49 7 98.2 + 0.88 34.1 + 0.21 34.7 + 0.16 
4.50 - 4.99 48 94.8 + 0.17 32.8 + 0.15 34.6 + 0.10 
5.00 - 5.49 92 90.2 + 0.22 30.7 + 0.10 34.0 + 0.10 
5.50 - 5.99 28 87.1 + 0.46 29.4 + 0.15 33.6 + 0.17 


and Wilhelm,?*. who found a mean value of 1.5 
per cent, all observed averages have been under 
1 per cent, this being considered by most workers 
as the upper normal limit of variation. Our 
mean values of 0.5 + 0.02 per cent and 18.4 + 
0.94 thousand per cubic millimeter, obtained for 
93 men, are in agreement with such previous 
findings. 

The serum bilirubin has been determined for 
93 subjects in its total amount, by means of a 
colorimetric procedure and with a cobalt solution 
used as a standard for comparison,® and for an- 
other group, of 92 men, in its fractionated forms, 
direct and indirect, by the recently introduced 
photoelectric colorimetric method of Malloy and 
Evelyn. There is a close agreement between 
the mean values ‘of 0.76+0.03 and 0.72 
+ 0.02 mg. per hundred cubic centimeters ob- 
tained by these methods, respectively, for the 
total amount of bilirubin in the serum. It is 


difficult to evaluate these figures from the point 


28. Osgood, E. E.; Baker, R. L., and Wilhelm, 
M. M.: Am. J. Clin. Path. 4:292, 1934. 


of view of previous investigations, on account of 
the lack of uniformity among the reported values 
for the normal concentration of bilirubin, which 
has been estimated to vary between 0.10 and 3.50 
mg. per hundred cubic centimeters *° ; most in- 
vestigators have, however, shown a tendency to 
consider 1.00 mg. as the upper normal limit of 
variation. In our series of determinations this 
limit was frequently exceeded; of a total of 185 
apparently healthy men -investigated, 24, or 13 
per cent, had a serum bilrubin above 1.00 mg. 
According to studies made by one of us (E.D.),*° 
it is likely that these high bilirubin values ob- 
served at times in the blood of apparently normal 
subjects are due in most cases to an insufficiency 
of the liver in its function of excreting pigment. 
If this is confirmed, the range of bilirubin con- 
centration in the plasma considered normal will 
have to be considerably reduced. Cantarow and 
others ** have found that the direct bilirubin con- 
stitutes about 35 to 70 per cent of the total 
amount, with absolute values between 0.15 and 
0.35 mg. Our mean value of 0.37 + 0.01 and 
the standard deviation of 0.15 mg. are distinctly 
higher. 

In regard to the fragility of the red blood cells 
to hypotonic solutions of sodium chloride, we 
obtained the mean values of 0.46 + 0.001 and 
0.38 + 0.002 per cent for initial and total hemol- 
ysis, respectively, in determinations made for 38 
of our subjects. Daland and Worthley,** in an 
investigation made on 20 normal adults, observed 
the first traces of hemolysis at concentrations of 
0.44 to 0.47 per cent and its completion at 0.27 
per cent; the latter low figure is probably ac- 
counted for by the microscopic technic employed. 

The great variations which are frequently 
observed in apparently healthy subjects in re- 
gard to the number of leukocytes in the circulat- 
ing blood have been emphasized by Garrey and 
Brown.** We have not observed the extreme 


29. von den Bergh, H.: Die Gallenforbstoffe in 
Blute, Leipzig, 1918. Haselhorst, G.: Miinchen. med. 
Wehnschr. 68:174, 1921. Forster, J.: Klin. Wehnschr. 
4:1689, 1925. Perkins, F. S.: Blood Bilirubin: Esti- 
mation and Clinical Significance, Arch. Int. Med. 40: 
195 (Aug.) 1927. Vaughan, J. M., and Haslewood, 
G. A. D.: Lancet 1:133, 1938. Abels, J. C.; Rekers, 
P. E.; Binkley, G. E.; Pack, J. T., and Rhoads, C. P.: 
Ann. Int. Med. 16:221, 1942. Lépez Garcia, A., and 
Zelasco J. F.: An. d. Inst. d. invest. fis. apl. a la pat. 
humana 3:89, 1941. 

30. Delgado, E.: Estudios sobre bilirrubina, Lima, 
Facultad de Medicina, 1943. 

31. Cantarow, A.; Wirts, C. W., Jr., and Hollander, 
G.: Quantitative Studies of Direct-Reacting Serum 
Bilirubin, Arch. Int. Med. 69:986 (June) 1942. 

32. Daland, G. A., and Worthley, K.: J. Lab. & 
Clin. Med. 20:1122, 1935. 

33. Garrey, W. F., and Brown, R. W.: Physiol. 
Rev. 15:597, 1935. 
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fluctuations found by some investigators.** Our 
mean value, of 6,800 + 77, leukocytes per cubic 
millimeter, and the standard deviation, of 1,480, 
are almost identical with those observed by Price- 
Jones, Vaughan and Goddard *? in 100 men in 
England and by Osgood and others ** in 198 men 


TasLeE 5.—Determinations of Blood Volume in Healthy 


AND HEMOPOIETIC ACTIVITY 289 

Table 5 summarizes the mean values obtained 
by several investigators ** in the determination of 
the circulating blood volume of healthy men, by 
means of various dye methods. Our findings, 
consisting of values for 36 subjects, for 26 of 
whom the determination was made with brilliant 


Men (by Dye Methods) at Sea Level and in Different 


Parts of the World—Summary of Literature 36 


Investigators Place 
Rowntree and 


Looney and 
Kaltreider, Hurtado and Brooks......... 
Gparks ANG 
Goldbloom and 


Hurtado, Pons and Merino eru 
England 
Menderhaussen. Germany 
Ruszny&k........ Germany 
Seyderhelm and Lampe..................+ Germany 


Blood, Plasma, 


J Ce. per Kg., Cc. per Kg., 
Number of Average Average 
Dye Used Subjects Values Values 

49 88.6 51.0 
49 77.7 44.7 
29 81.4 44.1 
Brilliant vital red........ 25 79.1 42.8 
10 64.9 34.4 
10 78.4 40.5 
a 10 89.5 46.4 
56 78.0 42.0 
Briliiant vital red........ 15 87.8 47.8 
ll 76.7 40.5 
8 83.3 44.7 
pe 6 84.7 44.1 


TABLE 6.—Determinations of Blood Volume (by 


Dye Methods) in Healthy Men at Sea Level 


Coefficient of Extreme 
Mean + P.E. St. Dey.+ P.E. Variations(%) Variations 
With Brilliant Vital Red (26 Subjects) 
2.82 + 0.06 0.43 + 0.04 15.2 2.19 - 3.77 
2.34 + 0.08 0.36 + 0.03 15.4 1.75 - 3.11 
coll, 38.8 + 0.59 4.5 + 0.42 11.6 30.8 - 47.0 
788 + 14.8 112 + 10.4 14.2 604 - 1,059 
13.2 + 0.18 14+ 0.12 10.6 10.1 - 15.3 
With Evans Blue (10 Subjects) 
5.02 + 0.19 0.85 + 0.13 16.9 4.12 - 6.53 
sede 85.4 + 1.28 5.7 + 0.90 6.7 76.7 - 96.6 
2.70 + 0.08 0.37 + 0.05 13.7 2.21 - 3.47 
46.2 + 1.03 4.6 + 0.73 9.9 88.6 - 55.1 
COLL 2.29 + 0.10 0.43 + 0.07 18.8 1.73 - 3.21 
CON 39.0 + 0.49 2.2 + 0.35 5.6 35.7 - 43.8 
779 + 28.6 127 + 20.2 16.3 653 - 1,057 
Total (Gem. HEF 13.3 + 0.18 0.8 + 0.12 6.0 12.0 - 14.5 


in the United States. The differential leuko- 
cyte count, determined for 70 of our subjects, 
gave values which’ agree with those indicated by 
Schilling ° but which are slightly different, in the 
percentage of stab neutrophils, eosinophils, mono- 
cytes and lymphocytes, from the findings of Os- 
good and others.*® 

34. (a) Feinblatt, H. M.: Alimentary Leukocytosis 
in Eighty Normal Men, J. A. M. A. 80:613 (March 3) 
1923. (b) Sabin, F. R.; Cunningham, R. S.; Doan, 
C. A., and Kindwall, S. A.: Bull. Johns Hopkins 
Hosp. 37:14, 1925. (c) Looney, J. M., and Freeman, 
H.: Volume of Blood in Normal Subjects and in 
Patients with Schizophrenia, Arch. Neurol. & Psychiat. 
34:956 (Nov.) 1935. 

35. Osgood, E. E.; Brownlee, I. E.; Osgood, M. W.; 
Ellis, D. M., and Cohen, W.: Total, Differential and 
Absolute Leukocyte Counts and Sedimentation Rates 
Determined for Healthy Persons 19 ‘Years of Age and 
Older, Arch. Int. Med. 64:105 (July) 1939. 


36. (a) Looney and Freeman.*4¢ Menderhaussen, A.: 
Ztschr. f. klin. Med. 97:468, 1923. (b) Seyderhelm, R., 
and Lange, W.: Ztschr. f. d. ges. exper. Med. 35:177, 
1923. (c) Rusznyak, S.: Deutsches Arch. f. klin. Med. 
157:186, 1927. (d) Rowntree, L. G., and Brown, 
G. E.: The Volume of the Blood and Plasma in 
Health and Disease, Philadelphia, W. B. Saunders 
Company, 1924. (e) Uhlenbruck, P., and Vogels: 
Ztschr. f. klin. Med. 118:172, 1931. (f) Sparks, M. L., 
and Haden, R. L.: Am. J. M. Sc. 184:753, 1932. (g) 
Kaltreider, N. L.; Hurtado, A., and Brooks, W. D. W.: 
J. Clin. Investigation 13:999, 1934. (h) Goldbloom, A. 
A., and Libin, I.: Clinical Studies in Circulatory Adjust- 
ments: Clinical Evaluation of Studies of Circulating 
Blood Volume, Arch. Int. Med. 55:484 (March) 1935. 
(i) Gibson, J G., and Evans, W. A.: J. Clin. Investiga- 
tion 16:317, 1937. (7) Levin, E.: El volumen de la 
sangre circulante, Buenos Aires, El Ateneo, 1938. (hk) 
Hallock, P.: Proc. Soc. Exper. Biol. & Med. 44:11, 
1940. (1) Davis, L. J.: Edinburgh M. J. 49:465, 1942. 
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vital red *? and for 10 by the recently introduced 
method using Evans blue,** are given in table 6. 
The study of these tables reveals a rather close 
similarity among the various listed mean values 
and suggests that, at least in healthy subjects, 
the results obtained by the older and the newer 
dye methods are fundamentally alike.*** It must 
be indicated, however, that the studies of Smith, 
Arnold and Whipple *® and of Stead and Ebert,*° 
who have pointed out that the cell-plasma ratio 
of the venous blood does not necessarily represent 
that of the entire circulation, have raised an objec- 
tion, common to all dye methods, to the use of the 
hematocrit as a basis for the calculation of the 
total blood volume. 
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in Lima (at sea level) after a residence of less 
than one year in this place (table 3) shows a 
moderate, but definite, decrease in the number of 
red cells and the amount of hemoglobin in the 
latter group; this is not accompanied by alter- 
ations in the morphologic characteristics of the 
erythrocytes. 


INFLUENCE OF TEMPORARY ANOXEMIA 


It has been repeatedly observed that a tem- 
porary anoxemia brought about by a lowered 
oxygen tension in the inspired air or by inter- 
ference with the mechanisms responsible for the 
acquisition of this gas at lung level is followed in 


Chart 1.—Altitudes and location of the different places where the hematologic studies were carried out (zone 
located on the western slope of the Andes in the central region of Peru). 


Comparison of the results obtained in the study 
of the 175 normal men with those for the group 
of 25 men born at high altitudes and investigated 


37. Keith, Rowntree and Geraghty.1% Hooper, Smith, 
Belt and Whipple.14 

38. Gibson and Evans.15 Evelyn and Gibson.1¢ 

38a. A statistical study of the several series of obser- 
vations found in the literature concerning the plasma 
volume in healthy men shows the same degree of varia- 
tion in the results obtained with the older and the 
newer dye methods (brilliant vital red and Evans’ blue, 
respectively). 

39. Smith, H. P.; Arnold, H. R., and Whipple, 
G. H.: Am. J. Physiol. 56:1921, 1921. 

40. Ebert, R. V., and Stead, E. A.: J. Clin. Inves- 
tigation 20:317, 1941. 


most cases by an increase in the number of red 
cells and the amount of hemoglobin in the circu- 
lating blood. There are, however pronounced 
individual variations in the polycythemic re 
sponse, which may be related to the degree and 
duration of the anoxic stimulus and to individual 
factors not yet well understood. We have taken 
four different groups of healthy men (total 67) 
to altitudes of 2,390 meters (7,920 feet), 3,140 
meters (10,300 feet), 4,165 meters (13,660 feet) 
and 4,835 meters (15,860 feet). Most of the 
subjects were medical students, of ages betweef 
20 and 32 years; 36 were natives of sea level 
localities and 31 had been born in places located 
at altitudes over 2,000 meters (7,660 feet) but 
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with a residence of one or more years at sea level 
previous to the investigation. Blood was obtained 
at sea level immediately before the ascent and 
again within the first two hours after arrival at 
the given altitude. From 12 men, 3 in each of the 
high altitude places, the sample of blood was 
taken after three hours of moderate physical 
activity (walking). In addition, a fifth group, of 
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and 4,835 meters respectively. There was no 
relationship between the degree of increase in 
hemoglobin and the place of birth of the men 
studied; at the two highest places we observed 
average increases of 0.46 and 0.49 Gm. per 
hundred cubic centimeters of blood in men who 
had been born at sea level and at high altitudes, 
respectively. 


Tasty 7—Degree of Anoxemia in Relation to Results of Hematologic Studies Made on Arrival at Places of 
High Altitude 


Altitude 
Pl 4 Meters Feet ia 
2,390 7,920 
3,140 10,300 
4,165 13,660 
4.540 14,900 
4,835 15,860 


Average Arterial Oxygen Saturation, per Cent * 
Barometric r A ~ 
Pressure, Number of Extreme 
Mm. Hg Subjects Mean + P. E. Variations 
681.4 6 91.0 + 0.57 88.2 - 93.6 
530.5 5 89.6 + 0.74 86.2 - 92.5 
470.8 5 80.2 + 0.77 77.0 - 83.2 
446.0 15 78.9 + 0.68 70.7 - 88.8 
433.8 7 75.3 + 0.93 70.4 - 79.8 


* |. terminations made within the first two hours after arrival. 


10 he ‘thy men, also medical students, were taken 
from sea level to Morococha, at an altitude of 
4,54: meters (14,900 feet), where 6 of them were 
inve gated immediately after arrival from the 
point of view of possible changes in the total 
circu. .ting blood volume and the remaining 4 
were studied daily during a period of six days’ 
resi ice at that altitude. In order to know the 
degre of anoxemia at which the hematologic 
obse: vations were made, arterial blood was taken 
from several subjects at each one of the altitudes 
reac! «d and analyzed for its oxygen saturation ; 
the results obtained are given in table 7. The 
meat saturation ranged, from the lowest to the 
highest altitude, between 91.0 and 75.3 per cent. 
The results obtained in the different investigations 
have been summarized in table 8. In most cases 
there occurred a moderate rise in the red blood 
cells and hemoglobin ; the average increases in the 
latter substance at the four altitudes, from the 
lowest to the highest, were 0.29, 0.13, 0.57 and 
0.47 Gm. per hundred cubic centimeters of blood, 
which represented increases of 1.8, 0.8, 3.6 and 
2.9 per cent respectively, over the sea level value. 
There were marked individual variations (chart 
2). In 11 of the subjects no change was found, 
this being more frequent at the lowest altitudes. 
In 15 men, 5 at the lower altitudes and 10 at the 
highest two, an actual decrease occurred, reach- 
ing a maximal value of 0.75 Gm. in 1 subject 
studied at 3,140 meters; it was interesting to 
observe that in this group of 15 subjects were 
included 8 of the 12 men who engaged in physical 
activity after arrival at high altitudes. In. the 
other 41 subjects, or 61 per cent of the total, the 
hemoglobin concentration rose under the in- 
fluence of the acute anoxemia; the greatest in- 
crease was 1.70 Gm. per hundred cubic centi- 
meters, found in 2 men at the altitudes of 4,165 
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Chart 2—Variations in the blood hemoglobin (ex- 
pressed in grams per hundred cubic centimeters) in 67 
healthy men studied within the first three hours after 
their arrival at high altitudes. Dots represent men who 
engaged in physical activity (walking) previous to the 
taking of the blood sample; circles, resting men. 


Of the 36 men studied on arrival at the alti- 
tudes of 4,165 and 4,835 meters, 13 showed at 
the time when the blood was taken signs and 
symptoms of soroche (mountain sickness). The 
occurrence of this syndrome did not have a 
definite relationship to the level of hemoglobin 
before the exposure ; in the men with soroche the 
hemoglobin at sea level had an average value of 
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15.68 Gm. per hundred cubic centimeters, as com- 
pared with 16.00 Gm. in the unaffected group. 
However, of 6 subjects who before exposure had 
a hemoglobin concentration below 15.00 Gm., 4 
showed symptoms on arrival at high altitudes. 
The average increase in hemoglobin in the ill men 
was 0.40 Gm. per hundred cubic centimeters, and 
5, or 38.5 per cent, showed a decrease at high 


altitudes. In the men without symptoms the 
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SERUM PROTEINS (%) 


Chart 3.—Relationship between the percentage increase 
of serum proteins and of hematocrit value for 48 healthy 
adult men studied within the first three hours after 
arrival at high altitudes (from 2,390 to 4,835 meters). 


average increase observed was 0.53 Gm., and 
only 4, or 17.4 per cent, exhibited a decrease. 

The concentration of serum proteins, deter- 
mined for 50 of the subjects at. sea level and after 
arrival at high altitudes, showed a definite rise, 
which had a direct relationship with the level of 
altitude. The average observed increases were 
0.19, 0.32, 0.48 and 0.64 Gm. per hundred cubic 
centimeters at the altitudes of 2,390, 3,140, 4,165 
and 4,835 meters, respectively, which repre- 
sented increases of 2.9, 4.0, 5.3 and 7.9 per cent 
over the sea level values. Some relationship was 
also observed between the degree of increase in 
the serum proteins and in the hematocrit value 
(cubic centimeters of red cells per hundred cubic 
centimeters of blood), but the rises in the latter 
(1.6, 1.5, 2.3 and 3.5 per cent, at the different 
altitudes, over the sea level values) were pro- 
portionately less than those observed in the 
protein substances (charts 3 and 4). 

Although on arrival at high altitudes the men 
showed some individual changes in the mor- 
phologic characteristics of the red blood cells 
(mean corpuscular volume, hemoglobin and 
hemoglobin concentration), no definite trends 
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were observed, and the mean values were almost 
identical with those obtained previously at sea 
level (table 8). 

The number of reticulocytes determined in 
thousands per cubic millimeter of blood showed a 
very slight rise at the high altitudes, a finding 
related to the increase in the number of red cells; 
the percentage values did not vary. The serum 
bilirubin did not show a constant change during 
the short exposure to the low barometric pressure, 
with the exception of a slight mean rise in the 
direct fraction at the highest altitude (4,835 
meters). 

With a variation of 2,000 or more white cells 
per cubic millimeter from the sea level value— 
taken as an arbitrary index of a significant change 
in the leukocyte count on a subject’s arrival at a 
high altitude—we found a rise of this nature to 
occur in 5, 7 and 8 men at the altitudes of 3,140, 
4,165 and 4,835 meters respectively (which 
corresponded to 31.2, 38.9, and 44.4 per cent of 
the subjects studied at these altitudes). In 6 of 
these subjects the increased count exceeded 10,000 
per cubic millimeter; the highest value, 16,040 
leukocytes, occurred in a subject studied at 
4,165 meters (chart 5). In 2 men a significant 
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Chart 4—Mean percentage increase in serum pro- 
teins and hematocrit value within the first three hours 
after arrival at altitudes of 2,390, 3,140, 4,165 and 4,835 
meters. Observations made on healthy adult men. 


decrease was observed, and no changé took place 
at the lowest altitude. Physical activity and 
soroche were frequently associated with a rise in 
the leukocyte count; in 4 of the 6 men who 
exercised at the highest stations and in 8 of the 
13 patients with soroche this change was ob- 
served. The frequent rise in the number of 
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leukocytes on the subjects’ arrival at high alti- 
tudes was almost entirely due to an increase in 
the segmented neutrophils; the monocytes and 
the lymphocytes showed a proportional decrease. 
No constant changes were observed in the num- 
ber of stab neutrophils, eosinophils and basophils. 
The occurrence of a temporary leukocytosis 
under the influence of a low pressure environ- 
ment has been already reported. Meyer, Seevers 
and Beatty,*? working with rats, and Sokolov * 
experimenting with cold-blooded animals, have 
observed such a hematic response in experiments 
carried out in chambers. 
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Chart 5.—Variation in the leukocyte counts (expressed 
in thousands per cubic millimeter) of 67 healthy men 
studied within three hours after arrival at high altitudes. 
Dots represent men who engaged in physical activity 
(walking) previous to the taking of the blood sample; 
circles, resting men. 


In order to study further the mechanisms 
which are related to the polycythemic response 
to a condition of acute anoxemia we made deter- 
minations of blood volume for 6 subjects (medi- 
cal students) within the first two hours after their 
arrival at Morococha, at an altitude of 4,540 
meters (14,900 feet). Previous determinations 
had been made at sea level a few days before the 


41. Meyer, O. O.; Seevers, M. H., and Beatty, 
S. R.: Am. J. Physiol. 113:166, 1935. 
42. Sokolov, A. N.: J. Med., Kiev 11:145, 1941. 


ascent. The results obtained are given in table 9 
and presented, graphically, in chart 6. The 
plasma volume remained unchanged in Z sub- 
jects and decreased in the other 4; the average 
reduction in volume was 0.26 liters, equivalent 
to 10.5 per cent. The red cell volume increased 
in 5 subjects, and the elevation averaged 0.32 
liters, or 13.8 per cent. In 3 of the men the total 
serum proteins rose on arrival at high altitudes; 
the increase had an average value of 10 Gm., 
equal to 8.2 per cent. In 1 subject a decrease of 
13 Gm. (7.9 per cent) was found, and in the 
other 2 no significant change was verified. 

The subsequent changes which take place in 
the circulating blood when the anoxic stimulus is 
prolonged for a few days were studied in a group 
of 4 men (medical students of ages varying 
between 21 and 25 years) who were taken from 
sea level to Morococha (at an altitude of 4,540 
meters [14,900 feet] ), where they remained for 
six days. The various investigations made pre- 
viously at sea level were repeated on their arr val 
and then daily during the time of their residence 
at high altitudes. Determinations of blood 
volume were also made. The findings are given 
in tables 10 and 11. The moderate increase in 
the red blood cells and hemoglobin observed on 
the men’s arrival was followed by a gradual r'se, 
while the serum proteins, found to be sharply 
elevated in the first observation made at high 
altitudés, remained about unchanged, with a 
slight tendency to decrease (chart 7). One day 
after the men arrived the reticulocytes began to 
show an increase, which in the sixth, and Jast, 
day of study reached values of 2.2 to 4.0 per cent. 
This finding indicated a definite response of the 
bone marrow to the anoxic stimulus. In 3 sub- 
jects there was a moderate decrease in the mean 
corpuscular volume, while the mean corpuscular 
hemoglobin concentration remained practically 
unchanged. The plasma bilirubin, directly and 
indirectly determined, and total amount, did not 
show a significant variation except in 1 subject, 
who at sea level, before the ascent, had an abnor- 
mally high concentration of pigment. This sub- 
ject three days after arrival at high altitudes had 
a considerable rise in the directly and indirectly 
determined bilirubin, with a subsequent decrease 
but without a decline to the initial value. It was 
interesting to observe in all subjects twenty-four 
hours after arrival a temporary and moderate 
rise in the leukocytes (chart 8) which was simul- 
taneous with the beginning of the hyperactivity 
of the bone marrow as shown by the rise of the 
reticulocytes. The increase was almost entirely 
due to an elevated number of segmented neu- 
trophils; there was no change in the stab neu- 
trophils. The determinations of blood volume 
made after two, four and six days of residence 
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at high altitudes (chart 6) showed, in comparison 
with the values obtained at sea level, an un- 
changed plasma volume in 3 subjects, an in- 
creased volume in 1 (13.7 per cent) and a 
decreased volume in another (10.9 per cent). 
The cell volume was elevated in all subjects (12.0 
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Our observations concerning the changes 
which take place in the circulating blood volume 
during a short period of residence at high alti- 
tudes are not strictly comparable with those made 
by Smith, Belt, Arnold and Carrier ** at an alti- 
tude of 3,350 meters. These investigators found 


TarLe 9.—Determinations of Blood Volume Made at Sea Level and Within the First Two Hours After Arrival 
at Morococha (at 4,540 meters; 14,900 feet) * 


— 


Blood Volume Plasma Volume Red Cell Volume Total Hemoglobin Total Serum Protein 
Liters Liters Liters Grams Grams 

Varia- Varia- Varia- _ Varia- Varria- 

S.l- Sea Moro- tion, Sea Moro- tion, Sea Moro- tion, Sea Moro- tion, Sea Moro-_ tion, 

jets Level cocha Jo cocha % Level cocha % Level cocha % Level cocha 
4.28 3.92 —8.4 2.35 1.95 —17.0 1.91 1.95 + 21 685 668 — 2.5 165 152 — 79 

4.24 4.63 468 236 215 —89 186 2.35 +20.8 670 743 +10.9 169 171 +12 

4.49 4.76 +6.0 2.49 2.52 + 1.2 1.98 2.22 +10.8 678 752 +10.9 178 193 + 84 

4.71 5.16 +9.6 2.30 2.35 + 2.2 2.39 2.79 +16.7 782 893 +14.2 162 180 +11.1 

5.19 5.24 +10 2.85 2.65 —70 2.31 2.56 +128 781 858 +10.0 185 186 + 0.4 

4.81 4.78 —0.6 2.70 2.46 — 89 2.09 2.30 +10.0 721 784 + 87 181 190 + 5.0 

Average time of ascent, 3 hours 
GROUP | 
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Chart 6.—Results of determinations of blood volume made for 11 healthy adult men at sea level and repeated 


at high altitudes (at 4,540 meters; 14,900 feet). Group I, 


Group II, determinations made a few days after their arrival. 


white zone, plasma volume. 


to 43.4 per cent), and the total serum proteins 
showed increases in all of them (4.3 to 28.0 per 
cent). Increases, which fluctuated between 133 
and 243 Gm., were found in the total amount of 
circulating hemoglobin. As a whole, all these 
changes had some proportional relationship to the 
length of residence at high altitudes. 


determinations made one to two hours after their arrival ; 
The black zone represents red cell volume; the 


no abrupt changes within the first day or two at 
that altitude; after two or three weeks an aver- 
age increase of 19 per cent in the red cell volume 
was verified; the plasma volume did not show 
any significant variation. In 1913 Douglas, 


43. Smith, H. P.; Belt, A. E.; Arnold, H. R., and 
Carrier, E. B.: Am. J. Physiol. 71:395, 1925. 
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Haldane, Henderson and Schneider,**.working at 
Pike’s Peak, Colorado, at an altitude of 4,300 
meters, and employing the carbon monoxide 
method, observed a significant rise in the blood 


HEMOGLOBIN (GMS PER 100CC) 


2 
2 
SERO PROTEINS ( GMS PER 100C¢) 

4 


RETICULOCYTES ( PER CENT) 


DAYS AFTER ARRIVAL 


Chart 7.—Values for hemoglobin, serum proteins and 
reticulocytes in 4 healthy men studied at sea level and 
during six days of residence at an altitude of 4,540 
meters (14,900 feet). The heavy lines represent the 
average values. 


volume of 3 of the 4 subjects after a residence of 
nine to ten days. Laquer *° found an increase of 
5 per cent in the blood volume after four weeks 
of residence at an elevation of 1,560 meters. 


INFLUENCE OF INTERMITTENT ANOXEMIA 


The study of the effects produced on the body 
by intermittent periods of anoxemia, such as 


44. Douglas, C. G.; Haldane, J. S.; Henderson, Y., 
and Schneider, E. C.: Philos. Tr. Roy. Soc., London, 
s.B 203:185, 1913. 

45. Laquer, F.: Klin. Wchnschr. 3:7, 1924. 
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those experienced by pilots and other flight per- 
sonnel, has attained a considerable interest in 
the last few years. Attention has been given to 
the psychologic aspects as well as to the adapta- 
tive responses of the respiratory and circulatory 
systems. Few investigations have been made 
concerning the morphologic response of the blood. 

Meyer and Seyderhelm,** in 1916, studied the 
blood of 28 men who had been engaged in flying 
for a year or more and found in all cases an 
increase in the red blood cells and hemoglobin. 
McFarland, Graybiel, Liljencrantz and Tuttle,“ 
in an analysis of the data collected in the exami- 
nation of 200 civil air line pilots, the vast ma- 
jority of whom had a record of flying at altitudes 
not over 3,050 meters (10,000 feet), found a 
red cell count above 6,000,000 in 50 per cent of 
them; the hemoglobin did not show a parallel 
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Chart 8.—Leukocyte counts for 4 healthy men studied 
at sea level and immediately after arrival and during 
a residence of six days at an altitude of 4,540 meters 
(14,900 feet). The rise observed twenty-four hours after 
their arrival corresponded to the beginning of the 
reticulocytosis (chart 7). 


increase. Armstrong ** and Heim observed that 
exposure for a period of four hours for three 
consecutive days to a simulated altitude of 3,660 


46. Meyer, E., and Seyderhelm, R.: Deutsche med 
Wehnschr. 42:1245, 1916. 

47. McFarland, R. A.; Graybiel, A.; Liljencrantz, 
E., and Tuttle, A. D.: J. Aviation Med. 10:160, 1939. 

48. Armstrong, H. G.: Principles and Practice of 
Aviation Medicine, Baltimore, Williams & Wilkins 
Company, 1939. 
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Tas_e 10.—Observations on Blood of Four Men During a Six 


14,900 Feet) 


Day Residence in Morococha (4,540 Meters; 


Subject 1 Subject 2 
Days at High Altitudes Days at High Altitudes 
At r A At r 
Observations S.L.* 0.A+ (1 2 $ 4 5 6 S.L.* O.At 1 2 3 4 5 6 
Red blood cells (mill. percu.mm.). 4.99 4.99 5.53 5.71 5.57 5.63 5.28 5.45 4.78 462 5.11 548 5.03. 4.88 495 4.96 
Hemoglobin (Gm. per 100 ee.)...... Oe 18.6 15.3 15.8 16.6 16.8 17.3 
Hematocrit (red cells, percent).... 46.4 468 .... 49.6 49.0 54.5 44.2 45.7 18.8 50.0 49.1 
Reticulocytes (per cent)............ 04 O 0.4 10 O8 14 2.4 2.2 04 O 12 08 14 0.6 is 232 
Reticulocytes (thous. percu.mm.) 20.0 0 22.1 57.1 446 18.8 126.7 120.0 19.1 0 61.3 438 704 29.3 89.1 109.1 
Bilirubin, total (mg. per 100 ce.)... 0.66 0.57 0.68 0.77 0.72 0.90 0.72 0.63 0.70 0.57 
Bilirubin, direct (mg. per 100 cc.)... 0.40 0.37 0.45 0.47 0.23 0.50 0.45 0.49 0.52 0.35 
Bilirubin, indirect (mg. per 100cc.) 0.26 0.20 .... 023 .... O30 .... 0.89 BR 
Leukocytes (thous. percu. mm.)... 6.68 6.08 8.08 7.72 640 6.00 7.16 5.28 5.00 616 118 7.56 644 569 708 644 
Serum protein (Gm. per 100 cc.).... 7.14 8.08 7.76 “ 7.47 7.72 6.83 7.88 7.74 7.72 7.68 
Subject 3 Subject 4 

Red |. lood cells (mill. per cu. mm.). 5.25 5.74 5.84 5.80 6.11 6.32 5.80 6.49 4.91 5.85 5.78 5.58 6.25 5.72 5.89 6.25 
Hemoglobin (Gm. per 100 ec.)...... 18.5 19.0 159 17.1 18.5 
Hematocrit (red cells, percent).... 49.2 50.7 .... 584 . 53.9 MS C29 BF 52.0 
Reticulocytes (per cent)............ 0 0.2 1.2 18 2.6 3.6 2.6 4.0 0.2 0.2 0.6 2.6 2.2 2.6 2.4 2.6 
Reticulocytes (thous. percu.mm.) 0 11.5 70.1 104.4 158.9 227.5 150.8 259.6 145.1 137.5 148.7 141.4 162.5 


Bilirubin, total (mg. per 100 ce.)... 1.08 0.68 
Bilin: bin, direct (mg. per 100 ce.)... 0.45 0.30 
Bilirubin, indirect (mg. per 100 ce.) 0.58 0.38 
Leuk cytes (thous. per cu. mm.)... 5.60 5.64 
Serum protein (Gm. per 100 ce.).... 7.19 8.14 


9.04 5.88 512 5.08 5.16 5.04 6.24 8.16 9.60 


1.14 0.85 0.85 
1.05 
7 6.96 6.96 7.08 6.16 


* \tS.L. = at sea level. 
+. A. = on arrival at high altitude. 


Tasic 11.—Determinations of Blood Volume at Sea Level and After a Few Days of Residence in Morococha 


(at 4,540 meters; 14,900 feet) ‘ 
Blood Volume Plasma Volume Red Cell Volume Total Hemoglobin Total Serum Proteins 
Days Liters Liters Liters Grams Grams 
in Varia- ——*——_ Varia- Varia- Varia- 
Sub- Moro- Sea Moro- tion, Sea Moro- tion, Sea Moro- tion, Sea Moro- tion, Sea Moro- tion, 
jects cocha Level cocha % Level cocha % Level cocha % Level cocha J Level cocha % 
2 480 497 +35 260 251 —35 2.17 2.43 +12.0 737 870 +18.0 185 193 + 4.3 
4 442 481 +88 235 248 +833 2.06 236 +151 678 820 +20.9 168 182 + 8.3 
4 3.96 5.08 +270 2.19 249 +13.7 1.75 2.51 +43.4 604 847) +- 40.2 150 192 +28.0 
i 6 467 5.16 +105 235 2.41 +25 2.30 2.72 +182 803 980 +22.0 169 185 + 9.5 
6 496 518 +44 2.76 246 —109 2.18 2.69 +23.4 786 958 +21.9 178 189 6.2 


TaBLe 12.—Observations on Blood of Flight Personnel 


Number Coefficient 
of of Varia- Extreme 
Subjects Mean+P.E. St.Dev.+P.E. tion,% Variations 
Red blood cells (millions per cu. mMM.)..............0es0e8 * 60 5.02 + 0.04 0.51 + 0.08 10.1 3.78 - 6.25 
Hematocrit (red cells, per cent)...........csccccescccescecee 60 47.4 + 0.25 2.9+ 0.18 6.1 38.1 - 53.0 
60 16.53 + 0.09 1.11 + 0.07 14.10 - 19.10 
Corpuscular mean volume (cu. microms).................... 60 94.3 + 0.56 6.4 + 0.39 68 77.5 - 107.4 
Corpuscular mean hemoglobin (micromicrograms)........ 60 33.0 + 0.18 2.1+ 0.13 6.4 27.2 - 37.3 
Corpuscular mean hemoglobin concentration (%)......... 60 35.1 + 0.18 2.1+ 0.13 6.0 31.9 - 37.9 
Reticulocytes (per s 60 0.7 + 0.05 0.6 + 0.08 85.7 0-3.0 
Reticulocytes (thousands per cu. mm.)... 60 35.7 + 2.63 30.2 + 1.86 84.7 0- 161.4 
Bilirubin, total (mg. per 100 cc.)...... 45 1.00 + 0.06 0.63 + 0.04 63.0 0.35 - 3.49 
Bilirubin, direct (mg. per 100 cc.)............... ad 7 45 0.43 + 0.02 0.18 + 0.01 41,9 0.12 - 1.05 
Bilirubin, indirect (mg. per 100 CC.)..........2eeeeeeeeeeeeee 45 0.56 + 0.05 0.55 + 0.04 .2 0.10 - 2.67 
Leukocytes (per cu. mm.)...... hes 60 6,450 + 137 1,580 + 97 24.5 3,400 - 11,100 
Neutrophils, stab (per 4.0 + 0.21 2.1+ 0.15 52.5 0-9 
Neutrophils, segmented (per cent).............-....eeeeee - 56.8 + 0.79 7.9 + 0.56 13.9 86 - 73 
(BOE CONE) ae 60.6 + 0.82 8.2 + 0.58 13.5 41-80 
Eosinophils (per cent)................ 3.6 + 0.23 2.3 + 0.16 63.9 0-95 
Monocytes (per cent)........... ob 6.0 + 0.33 3.3 + 0.23 55.0 0-145 
Lymphocytes (per 29.6 + 0.78 78+ 0.55 26.3 14 - 50 
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meters (12,000 feet) resulted in a decrease of 
the hemoglobin and the red cell count. Frequent 
exposures to carbon monoxide, which causes 
anoxemia by displacement of the oxygen from 
the circulating hemoglobin, at the same time de- 
creasing the affinity of this substance for the 
latter gas,*° has been found to produce a poly- 
cythemic response.*° In a recent investigation, 
Stickney and Van Liere ** observed a rise in the 
red blood cells and hemoglobin in dogs exposed 
six to nine hours daily for six months to simu- 
lated altitudes between 3,660 meters (12,000 


HEMOGLOBIN RETICULOCYTES BILIRUBIN 
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Chart 9.—Values for hemoglobin, reticulocytes and 
bilirubin in men exposed to intermittent periods of 
anoxemia. Group I, flight personnel; group II, rail- 
road personnel (see text). The zones between the hori- 
zontal lines show the limits of variation observed in 
healthy men at sea level. 


feet) and 4,880 meters (16,000 feet); these 
investigators concluded that discontinuous ex- 
posure to anoxia is capable of producing a notice- 
able acclimatization, the degree of which, in terms 
of increase in hemoglobin and erythrocytes, is 
proportional to the severity of the anoxia and 
the length of time of exposure. 


49. Haldane, J. S., and Priestley, J. G.: Respiration, 
London, Oxford University Press, 1935. 

50. Killick, E. M.: Physiol. Rev. 20:313, 1940. 

51. Stickney, J. C., and Van Liere, E. J.: J. Avia- 
tion Med. 13:170, 1942. 
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Our studies include observations made on two 
groups of healthy men, both subject to the in- 
fluence of intermittent periods of anoxemia but 
different from each other in regard to the length 
of time of exposure. 

Observations on Flight Personnel——Hemato- 
logic studies were carried out for 60 men, mem- 
bers of the flight personnel of a commercial air 
line which operates in South America; 47 of 
these men were pilots or co-pilots, 10 radio 
operators and 3 pursers. Fifty-seven had been 
born in the United States and 3 in Peru. Their 
ages varied between 21 and 49 years, with an 
average of 29 years. The total flying time of 
each man fluctuated between two hundred and 
several thousand hours, with a monthly average 
of sixty to ninety hours. Some of the routes 
covered by this air line require flying for several 
hours at altitudes over 3,660 meters (12,000 
feet) ; most of the men reported the use of oxygen 
while flying over that level. The examinations 
were made from one to fourteen days afte: the 
previous trip. The results obtained are viven 
in table 12. 

The mean values of the hemoglobin co: tent 
(grams per hundred cubic centimeters) an: the 
hematocrit reading (percentage of red cells) were 
slightly higher than those obtained for the goup 
of healthy men not subject to the influence of a 
low barometric pressure. Study of the indiv dual 
findings (chart 9) revealed that 14 (23.5 per 
cent) of the 60 men had a hemoglobin cor cen- 
tration of 17.5 Gm. or more ; the highest obs rved 
value was 19.10 Gm. Twelve men (20 per cent) 
had hematocrit values of 50 per cent or sore, 
the highest being 53. Two subjects (3.3 per 
cent of the total) were found to have hemog!obin 
values of 14.1 and 14.5 Gm. per hundred cubic 
centimeters, with corresponding hematocrit read- 
ings of 38.1 and 40.4 per cent red cells; these 
values were the lowest found in this series of 
investigations. There was no correlation be 
tween the blood findings and the time spent at 
sea level after the previous trip; the latter had 
a similar average value of six days for the groups 
of men with hemoglobin concentrations above 
and below 17 Gm. 

The mean corpuscular volume, of 94.3 + 0.56 
cubic microns, of the flight personnel was slightly 
higher than the corresponding value (91.32 
0.23) for the control group studied at sea level; 
in 12 cases (20 per cent) the volume exceeded 
100 cubic microns. The mean corpuscular hemo 
globin concentration ranged within normal limits. 
The reticulocytes, expressed in percentage and 
in number per cubic millimeter, had higher meat 
values in the group of fliers; 15 (25 per cent) 
of the 60 men studied had one or more red blood 
cells per. hundred that appeared to be reticulated 
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HURTADO ET AL—ANOXEMIA 


The serum bilirubin, determined for 45 men 
of the flight personnel, showed significant varia- 
tions. The mean values, of 0.43 + 0.02, 0.56 + 
0.05 and 1.00+ 0.06 mg. per hundred cubic 
centimeters, for the directly and indirectly de- 
termined and total bilirubin, respectively, were 
higher than the corresponding values found in 
the blood of the subjects we studied for com- 
parative purposes. The increase was more 
marked in the indirect (51.3 per cent) than in 
the cirect value (22.8 per cent); this lowered 
the ratio direct/total bilirubin, which in the flight 
personnel had an average value of 43 per cent, 
as compared with 51.4 per cent in the nonfliers. 
Seveiteen of the 45 men studied, or 37.8 per 
cent, had a total bilirubin content of over 1 mg., 
while this was found in only 13 per cent of the 
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spent alternate nights at sea level and at an alti- 
tude of 3,730 meters (12,340 feet), traveling 
daily for several hours, one day on ascent and the 
next on descent, without taking oxygen, along a 
road whose highest point is at an altitude of 
4,740 meters (15,510 feet). Observations were 
made on 13 of these men during one of the brief 
periods they were in Lima, at sea level; their 
ages varied between 23 and 54 years. Ten had 
been born at high altitudes and 3 at sea level. 
The time during which they had been intermit- 
tently exposed to a low barometric pressure, with 
the exception of one month’s vacation each year, 
fluctuated between one and twenty-eight years. 
The results found in the different investigations, 
which included determinations of blood volume 
for 11 of the men, are given in tables 13 and 14. 


13.—Observations on Blood of Men Daily Exposed to a Low Barometric Pressure (Railroad Personnel) 


TABL 
Mean 
Mean Corpus 
Hema rpus cular 
Red tocrit, Mean cular Hemo Reticulocytes 
Blood Red Corpus- Hemo globin 
Cells, Blood Hemo cular globin, neen- Thou Bilirubin, 
Millions Cells, globin, Volume, Micro-_ tration, sands Mg. per 100 Ce. 
Sub Age, Years of per per Gm. per Cu. micro per Per per - aon _ 
ject: Years Exposure Cu. Mm. Cent 100Cc. Microns grams Cent Cent Cu.Mm. Total Direct Indirect 
1 44 28 5.61 61.4 18.60 91.6 33.1 36.1 1.6 89.8 0.86 0.45 0.41 
2 54 25 6.25 56.6 20.35 90.6 32.6 36.0 14 87.5 0.88 0.33 0.55 
3 42 20 6.49 60.6 21.10 93.4 32.5 34.8 0.4 26.0 2.74 0.86 1.88 
4 48 20 5.15 51.6 18.00 100.2 34.9 34.8 1.0 61.5 0.68 0.33 0.35 
5 49 13 5.40 48.6 17.30 90.0 32.0 35.5 0.4 21.6 0.52 0.23 0.29 
6 41 12 4.81 47.0 16.25 97.7 33.8 34.6 0.6 28.9 0.50 0.36 0.24 
7 36 9 5.33 50.7 18.60 95.1 34.8 36.6 0.6 32.0 1.20 0.36 0.34 
8 36 7 4.68 50.6 16.75 108.1 35.8 €3.1 1.2 56.2 0.75 0.33 0.42 
9 40 4 5.14 53.2 18.10 1038.5 35.2 34.0 2.0 102.8 0.50 0.28 0.22 
10 33 3 5.53 52.3 17.90 94.6 32.4 34.2 0.2 11.1 2.19 0.50 1.69 
ll 23 3 5.74 62.8 18.35 92.0 32.0 34.8 0.2 11.5 0.66 0.32 0.34 
12 39 1 4.68 44.1 15.30 94.2 32.7 34.7 0 0 0.93 0.47 0.46 
18 2 1 5.63 54.1 18.30 96.1 32.5 33.8 0.6 33.8 2.66 0.43 2.23 
+ 5.42 + 518+ 18.07 + 95.9 + 33.4 + 34.8 + 08+ 425+ 116+ 040+ 0.76+ 
0.10 0.76 0.28 0.99 0.25 0.18 0.11 6.16 0.15 0.08 0.13 
Dev. By 0.538 + 3.9 + 147+ 13+ 0.9+ 06+ 816+ O78+ 067+ 
7 0.07 0.54 0.20 0.62 0.17 0.12 0.06 4.36 0.10 0.02 0.09 
Coefficient of variation, % 9.8 7.5 8.1 5.8 3.9 2.6 75.0 74.4 67.2 37.5 88.1 


group studied at sea level; the high bilirubin 
values of 11 of the 17 subjects corresponded to 
an elevation in the indirectly determined pig- 
ment, and in the other 6 the directly determined 
bilirubin was responsible for the rise, though in 
alesser degree. 

The numbers of leukocytes per cubic millimeter 
and the differential leukocyte counts of the flight 
personnel did not show any significant variation 
when compared with the results obtained in the 
study of the men living constantly at sea level. 


Observations on Men Daily Exposed to a Low 
Barometric Pressure-——We had the opportunity 
to study a small group of men who occupied a 
perhaps unique position in regard to an inter- 
mittent exposure to a low barometric pressure. 
These men were members of the crew personnel 
of a railroad which connects Lima, at sea level, 
with high localities on the Andean plateau 
(chart 1), and for a prolonged time they had 


A rise in the hemoglgbin content and in the 
hematocrit readings was frequently observed; 
the mean values, of 18.07 Gm. per 
hundred cubic centimeters and 51.8 + 0.76 per 
cent red cells, respectively, were distinctly higher 
than those obtained for healthy males living con- 
stantly at sea level. The hemoglobin concentra- 
tions of 9 of the men (69.2 per cent) exceeded 
17.50 Gm., and those of 2 of them reached the 
figures of 20.35 and 21.10 Gm. (chart 9). The 


. hematocrit readings of 10 of the subjects (76.9 


per cent) was over 50.0 per cent; the highest 
observed value was 60.6 per cent. There was 
not a constant direct relationship between the 
time of exposure to the high altitude and the 
degree of polycythemia; however, the three 
highest hemoglobin values, 18.60, 20.35 and 21.10 
Gm. per hundred cubic centimeters, were found 
in the men who had the most prolonged time of 
service in the railroad, twenty-eight, twenty-five 
and twenty years, respectively. 
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300 ARCHIVES OF INTERNAL MEDICINE 
The mean corpuscular volume, of 95.9 + 0.99 showed an average increase of 22.7 per cent and i 
cubic microns, was slightly higher than the one was found to be elevated in 9 of the 11 men 1 
obtained for the group of men studied at sea_ studied (81.8 per cent). c 
level. The mean corpuscular hemoglobin con- Five men had a history of occasionally hay- i 
centration ranged within normal limits. The ing mild headache and a sensation of dizziness 0 
reticulocytes, in per cent and per cubic millimeter, while traveling at high altitudes. When the data h 
also showed higher mean values than in men not for these men were compared with those for the 
exposed to high altitudes; in 5 cases (38.5 per rest of the subjects, no significant variations were 
cent) the percentage value fluctuated between found to exist in the blood volume and other 
1.0 and 2.0. The plasma bilirubin was found to hematologic characteristics, except that 1 of the 
exceed 1.00 mg. per hundred cubic centimeters in complaining men had the highest values for 
5 of the men (38.5 per cent); this rise was due the hemoglobin content and the hematocrit read- 
exclusively to a higher amount of the indirectly ing (21.10 Gm. and 60.6 per cent red cells, 
determined pigment, which had a mean increase respectively ). 
of 117.1 per cent over the corresponding normal 
value at sea level. The ratio direct/total bilirubin INFLUENCE OF CHRONIC ANOXEMIA 
had an average value of 34.5 per cent. Since the original observations of Bert, 
The number of leukocytes per cubic millimeter Viault ? and Miintz,*? in the second half of the 
had a normal mean value; in only 1 case it was last century, numerous investigations have con- 
TaBLe 14.—Observations on Blood of Men Daily Exposed to a Low Barometric Pressure (Railroad Personnel) 
Leukocytie Differential Count, % Blood Volume, Cc.; Gm. per kg. 
of cytes, Stab Segmented Total Red 
Sub- Age, Expo- per Neutro- Neutro- Neutro- Eosino- Baso- Mono- Lympho- Blood Hemo- 
jects Years sure Cu.Mm. phils phils phils phils phils cytes cytes Blood Plasma Cells — globin 
1 4 2% 6,800 5 56 61 5 0 4 30 823 396 423 153 | 
54 11,900 3 71 74 0 1 3 22 403 53.0 191 
42-6880 9 57 66 1 0 8 25 30 8680404738 
4 48 20 4,600 3 78 81 0 4 4 11 102.2 48.9 52.7 184 med 
5 49 13 5,000 76.6 39.0 37.2 13.2 tota 
6 41 12 7,600 1 60 61 0 1 34 
7 36 9 6,720 8 65.5 73.5 2.5 1 5.5 17.5 89.9 43.9 45.7 16.5 
8 36 7 5,120 6 65 71 3.5 0 7.5 18 99.6 48.6 50.3 16.7 
9 40 4 7,800 4 56 60 2 0 2 36 
10 38 3 6,060 4 46 50 2.5 0 7.5 40 98.2 46.3 51.3 17.6 
8,700 4 52 56 2 0 5 37 68 406 458 156 
12 39 1 6,600 2 60 62 3 0 2 33 87.3 48.4 38.6 13.4 
3 8 8 1 5,920 5 65 70 2.5 1 6 20.5 87589515 
6,900 + 4.54 609+ 2.3+ 06+ 27.0 + 892+ 423+ 465+ 162+ 
. 356 0.44 1.6 1.69 0.28 0.22 0.44 1.79 1.81 1.18 1.14 0.38 
St. Dev. P. E. .. 1,830 + 8.2+ 83+ 14+ Lis 2.2+ 8.8+ 8.1+ 5.3 + 17+ 
Coef. of variation, %..  £6.5 48.8 13.5 12.7 60.9 188.3 47.8 32.6 9.1 12.5 11.0 10.5 
moderately elevated (11900). The differential firmed the existence of polycythemia in human 
leukocyte count, made for 12 of the subjects, beings and animals living at high altitudes. The 
revealed a frequent and moderate increase in the review of the literature,5* a summary of which 
segmented neutrophils with a corresponding dee ——————— 
: . f . (a) Fitzgerald, M. P.: ilos. Tr. Roy. Soc., Lon- 
change almost identical to the one found in men , on, s.B 208:351, 1913. (b) Eggers, H.: Miinchen. 
exposed to a temporary period of anoxemia med, Wehnschr. 78:779, 1926. (c) Monge,C.; Heraud, 
(table 8). C.; Encinas, E., and Hurtado, A.: Estudios fisioldgicos 
The determinations of blood volume, made for sobre el hombre de los Andes, Lima, Facultad de Medi- 
11 of the men, showed well defined changes 1928. (4) 
(chart 10). The red cell volume, expressed in ~*°” med. peruana, Lima 1:1, | (¢) Hurtado, A.: 
bi 4 kil f bod ‘oh Am. J. Physiol. 100:487, 1932. (f) Stammers, A. D.: 
cubic centimeters per kilogram ot body weight, J. Physiol. 78:21P, 1933. (g) Liknaitzky, I.: Quart 
was elevated in 7 of the men (63.6 per cent); its J. Exper. Physiol. 24:161, 1934. (h) Talbott, J. H, Ch 
mean value, of 46.5 + 1.14 cc., represented an and Dill, D. B.: Am. J. M. Sc. 192:626, 1936. (#) § meter 
increase of almost 20 per cent over the corre- Andresen, M. I, and Mugrage, E. R.: Blood Cell repres 
sponding normal value at sea level. The plasma Values for Normal Men and Women, Arch. Int. Med. 
58:136 (July) 1936. (7) Loewy, A., and Wittkower, § livin 
volume, expressed similarly, was decreased in 4 : ‘ 8 
E.: The Pathology of High Altitude, London, Oxford 
and unchanged in 7 subjects; its mean value was city p 1937. (k) Capdeh EL, ay 
> « niversity. Press, pd ourat, E. L., 
10.2 per cent lower than in men not expose others: Estudios sobre la biologia del hombre de la : 
low barometric pressure. The circulating hemo- altitud, Buenos Aires, Ministerio de Justicia e Instruc- (b) 
globin, in grams per kilogram of body weight, cién Publica, 1937. (1) Barcroft and others. mono 
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is given in table 15, indicates, however, a marked 
variability in the degree and other characteristics 
of the observed polycythemia ; it is likely that this 
is related, at least in part, to the variable factors 
of altitude and the duration of exposure. We 
have made observations on three groups’ of men 
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mines and in whom the degree of anoxemia was 
frequently abnormally accentuated owing to the 
pulmonary changes, and (c) men, also of Indian 
race, who had signs of loss of adaptation to the 
low pressure environment (chronic mountain 
sickness). 


| NORMAL MAN 
AT SEA LEVEL 
' 2 3 


YEARS OF EXPOSURE 268 25 20 


MEN EXPOSED INTERMITTINGLY TO HIGH ALTITUDES 


20 


5 6 7 8 9 ire) 


13 9 3 3 


Chart 10—Blood volume (expressed in cubic centimeters and in grams per kilogram of body weight) of 11 
men exposed daily to a low barometric pressure. The black zone represents red cell volume; the shaded zone, 


total hemoglobin; the white zone, plasma volume. 


HEMOGLOBIN RETICULOCYTES BILIRUBIN 
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3.730 MTS 4540 MTS 3.730 MTS 4540 MTS 3730 MTS 4540 MTS 
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Chart 11—Values for hemoglobin, reticulocytes and bilirubin in healthy native residents of Oroya (at 3,730 


meters; 12,240 feet) and Morococha (at 4,540 meters; 


14,900 feet). The zones between the horizontal lines 


represent the limits of variation observed in healthy adult men at sea level. 


living permanently at high altitudes and subject, 
in consequence, to the constant influence of an 
anoxic condition: (a) healthy Indian natives; 
(b) Indian natives who had contracted pneu- 
monoconiosis (silicosis) while working in the 


Observations on Healthy Indian Natives. — 
Observations were made on a total of 72 Indian 
natives, 40 of them living and studied in Oroya, 


‘at an altitude of 3,730 meters (12,240 feet), with 


an average barometric pressure of 482 mm. of 
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TABLE 15.—Previous Observations on Blood of Residents 
of High Altitudes (Summary of Literature 53) 


Red 
Blood 
Num- Cells, 
ber Mill- Hemo- 
Alti- of ionsper globin, 
tude, Sub- Cu. Gm. per 
Investigators 5* Place Meters jects Mm. 100 Oc. 
Andresen, Mugrage.. Denver 1,520 40 542 16.54 
Fitzgerald........... Colorado 1,550 Dna 15.84 
Kuendy, Loewy and 
Davos 1,580 6.55 once 
Liknaiteky........... Johannesburg 1,750 60 5.99 (105.4%) 
Johannesburg 1,750 10 14.67 
Fitzgerald........... Colorado 1,830 6 is 15.02 
Mexico 2,250 22 7.25 (111.0%) 
| ee Colorado 2,370 10 16.40 
Fitzgerald........... Colorado 2,900 7 16.92 
Fitzgerald........... Colorado 3,080 9 17.16 
Fitzgerald........... Colorado 3,140 10 16.67 
Hurtado, Guzman 
Fitzgerald........... Colorado 17.46 
La Paz 3,660 200 7.50 
Monge and others... Oroya 3,730 20 6.88 Sense 
Capdehourat and 
Catavi 3,750 11 6.31 
Colorado 4,300 16. .... 18.05 
Barcroft and others O. Pasco 4,330 15 7.05 oe 
Barcroft and others OC. Pasco 4,330 10 bees 18.85 
eee Morococha 4,540 100 6.66 15.98 
Talbott and Dill..... Quilchua 5,340 6 7.37 22.86 
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mercury, and 32 residents of Morococha, where 
they were investigated, at an elevation of 4,540 
meters (14,900 feet), with a mean barometric 
pressure of 446 mm. of mercury. The ages of 
these men varied between 19 and 48 years, but 
only 1 df them was in the fifth decade. Their 


TaBLeE 16—Degree of Anoxemia in Residents 
of Oroya and Morococha 


Average 
Baro- 
metric Arterial Oxygen 
Pres- No Saturation, per Cent 
Altitude sure, of 
Mm. Sub- Mean+ Extreme 
Place Meters Feet Hg jects P. E. Variations 
Oroya 3,730 12,240 482 15 87.6 + 0.27 84.4 - 90.2 


Morococha 4,540 14,900 446 18 814+045 75.2-86.2 


physical characteristics (average height, weight 
and surface area, 1.57 meters, 56.6 Kg. and 1.57 
square meters, respectively) corresponded to 
their race, and none gave a history of having 
worked in the mines for a prolonged time, a 
point of importance in these zones on account of 
the frequency of pneumonoconiosis. All the 
observed men had been born either at the places, 


TABLE 17.—Observations on Blood of Healthy Men Residents of Oroya (at an Altitude of 3,730 Meters; 


12,240 Feet) 
Coeffi- 
Number of cient of Extreme 
Determinations Subjects Mean + P. E. St. Dev. + P.E. Variation, % Variations 
Red blood cells (millions per cu. mm.)............. 40 5.67 + 0.04 0.39 + 0.03 6.9 4.70 - 6.28 
Hematocrit (red cells, per cent)................0.05. 40 54.1 + 0.41 3.9 + 0.21 7.2 47.8 - 65.4 
Hemoglobin (Gm. per 100 €¢.)...............0-200e0e 40 18.82 + 0.15 1.46 + 0.15 7.7 16.40 - 22.05 
Corpuscular mean volume (cu. microns)........... 40 95.2 + 0.58 5.5 + 0.41 5.8 84.2 - 113.1 
Corpuscular mean diameter (microns) ............ 40 7.88 + 0.08 0.24 + 0.02 3.0 7.42 - 8.52 
Corpuscular mean thickness (microns) ............ 40 1.97 + 0.02 0.17 + 0.01 8.6 1.48 - 2.22 
Corpuscular mean surface area (sq. microns)...... 40 145.8 + 0.47 5.1 + 0.33 3.5 133.6 - 158.0 
40 0.25 + 0.002 0.08 + 0.001 12.0 0.17 - 0.30 
Corpuscular mean hemoglobin (micromicrograms). 40 33.0 + 0.25 2.4+ 0.18 8.0 28.7 - 38.4 
Corpuscular mean hemoglobin concentration (%). 40 34.8 + 0.10 0.9 + 0.06 3.0 $2.1 - 36.6 
40 0.8 + 0.06 0.5 + 0.04 62.5 0-2.2 
Reticulocytes (thousands per cu. mm.)............. 40 38.0 + 2.90 24.3 + 2.05 63.9 0- 106.8 
Red blood cell fragility............ ae epee 30 
Initial hemolysis (per cent).............see-seeee 0.46 + 0.001 0.01 + 0.001 2.2 0.44 - 0.50 
Total (pet 0.38 + 0.002 0.02 + 0.001 5.2 0.34 - 0.42 
30 8.4 + 0.21 1.7 + 0.15 20.2 5.8 - 15.2 
Bilirubin, total (mg. per 100 ce.)................0005 30 1.47 + 0.09 0.71 + 0.06 48.3 0.56 - 4.38 
Leukocytes (per CU. MM.)..........-.sseccececcecsees 40 6,500 + 155 1,258 + 109 19.2 3,400 - 9,600 
Differential leukocytic 40 
Neutrophils, stab (per cent)..................6.. 5.0 + 0.30 2.8 + 0.21 56.0 0-2 
Neutrophils, segmented (per cent)............... 62.8 + 1.13 10.6 + 0.79 20.1 82-79 
Neutrophils, total (per cent)..........0--.-see0- 57.9 + 1.138 10.6 + 0.79 18.3 87 - 86 
2.5 + 0.22 2.1+0.15 84.0 0-10 
0.1 + 0.007 0.7 + 0.005 700.0 0-3 
Monocytes (per cent)..............c.cceceees oo 4.9 + 0.24 2.3 + 0.16 46.9 0-9 
Lymphocytes (per cent)........... 34.8 + 1.02 9.6 + 0.72 27.6 


Blood 
Bloor 
Plasn 
Red « 
Red ¢ 
Total 
Total 


Blood 
Blood 
Plasm 
Plasm 
Red 
Red 
Total 

Total 


Ta 
Red 
Hen 
Hen 
Cor! 
Cor) 
Cor 
Cory 
Sphe 
Cory 
Corl 
Retic 
Retik 
Bilir 
Bilir 
Bilir: 

Diff: 
M 

Blood 

Blood 
Plasms 
Plasm: 
Red ce 
Red ce 

Total 

Total 


Taste 18.—Observations on Blood of Healthy Men Residents of Morococha (at an Altitude of 4,540 Meters; 
14,900 Feet) 


C2 OD 


Coeffi- 
Number of cient of Extreme 
Determinations Subjects Mean + P. E. St. Dev. + P. E. Variation, % Variations 
Red blood cells (millions per cu. mm.)............. 32 6.15 + 0.07 0.57 + 0.05 9.3 4.97 - 7.59 
Hematocrit (red cells; per cent)...........seeeeeeeee 32 59.9 + 0.66 5.6 + 0.47 3 52.2 - 76.2 
Hemoglobin (Gm. per 100 €C.)...........c.eeeeeeeeee 32 20.76 + 0.20 1.71 + 0.14 8.2 18.10 - 25.40 
Corpuscular mean volume (cu. microns)........... 32 97.5 + 0.75 3 + 0.58 6.5 85.5 - 106.8 
Corpuscular mean diameter (microns) ............ 32 7.74 + 0.01 0.11 + 0.01 14 7.31 - 8.01 
Corpuscular mean thickness (microns) ............ 82 2.08 + 0.02 0.16 + 0.01 7.7 1.70 - 2.41 
Corpuscular mean surface area (sq. microns)...... 32 145.0 + 1.18 9.9 + 0.83 6.8 133.6 - 158.6 
sacs 32 0.27 + 0.002 0.2 + 0.001 7A 0.21 - 0.32 
Corpuseular mean hemoglobin (micromicrograms), 32 33.9 + 0.29 2.5 + 0.21 3 28.4 - 37.4 
Corpuscular mean hemoglobin concentration (%). 32 34.7 + 0.12 1.0 + 0.08 2.9 33.2 - 37.4 
Reticulocytes (per cent) ............+ wapeenae neces 32 1.5 + 0.07 0.6 + 0.05 40.0 0.2 3.3 
Reticuloeytes (thousands per cu. mm.)............. 32 83.4 + 5.35 44.9 + 3.79 53.8 10.8 - 210.5 
Bilirubin, total (mg. per 100 C€.).........ccccesceees 20 1.56 + 0.19 1,22 + 0.13 78.2 0.45 - 4.91 
Bilirubin, direct (mg. per 100 cc.)...............6... 20 0.46 + 0.03 0.17 + 0.02 36.9 0.16 - 0.86 
Bilirubin, indirect (mg. per 100 ce.)................. 20 1.10 + 0.17 1.10 + 0.12 100.0 0.23 - 4.32 
32 6,900 + 144 1,212 + 102 17.6 4,700 - 10,900 
Differential leukoeytic 
Neutrophils, stab (per cent).................06.. oe 3.0 + 0.22 18+0.15 60.0 0-6 
Neutrophils, segmented (per cent)............... ae 49.9 + 1.34 10.9 + 0.94 21.0 25-71 
Neutrophils, total (per cent).............+.se008 ee 52.7 + 1.38 10.8 + 0.94 20.5 27-71 
2.2+0.15 1.2 + 0.10 54.5 0-5 
0.2 + 0.02 0.5 + 0.01 250.0 0-2 
oe 5.5 + 0.34 2.8 + 0.24 50.9 1-13 
Lymphocytes (per 39.4 + 1.29 10.5 + 0.91 26.6 21 - 62 


TABLE 19.—Determinations of Blood Volume of Healthy Native Male Residents at High Altitudes 


A. With Brilliant Vital Red (30 Subjects) 


Coefii- 


Determinations cient of Extreme 
Mean + P. E. St. Dev. + P. E. Variation, % Variations 


1. In Oroya (at 3,730 Meters; 12,240 Feet) 


Blood volume 6.15 + 0.12 1.03 + 0.09 16.7 4.26 - 9.05 
Blood volume (cc. per Kg.) ....--...csceceeee Seobetaceteetcnsne 108.7 + 1.69 13.7 + 1.19 12.6 79.6 - 149.6 
Plasma volume 0.44 + 0.03 15.9 1.94 - 3.72 
Plasma 48.9 + 0.87 7.1 + 0.61 14.5 35.9 - 65.9 
Red cell volume 3.36 + 0.12 0.98 + 0.08 29.1 2.22 - 5.67 
Red cell volume (ec. per Kg.)......... ate Copncevesceabestaons bed 59.7 + 1.07 8.7 + 0.76 14.6 41.5 - 93.2 
Total 1,150 + 28 226 + 19 19.6 758 - 1,819 
Total hemoglobin (Gm. per Kg.)..... indosatsdn sed empeawaes 20.7 + 0.40 3.3 + 0.28 15.9 14.2 - 30.1 


2. In Morococha (at 4,540 Meters; 14,900 Feet) 
A. With Brilliant Vital Red (6 Subjects) 


Blood 6.98 + 0.50 1.50 + 0.36 21.5 5.69 - 10.14 
Blood volume (ec. per Kg.) .....-. 120.8 + 4.08 13.5 + 1.94 11.2 113.5 - 145.9 
Plasma volume (liters)...... 2.65 + 0.30 0.44 + 0.10 16.6 2.00 - 3.50 
Red cell volume (liters)...... Jédoeharavatbonepbesernnquass tiaehie 4.29 + 0.38 1.14 + 0.27 26.6 3.03 - 6.59 
Red cell volume (ec. per Kg.)......... ébbew owe devdabsevsrasicvve 74.1 + 3.86 12.8 + 2.73 17.2 54.1 - 94.8 
Total hemoglobin (Gm.).......-..++..+0++ oie 1,464 + 128 364 + 87 24.9 1,084 - 2,185 
Total hemoglobin (Gm. per Kg.)..........-- 25.2 + 1.17 3.9 + 0.81 15.4 19.3 - 21.4 


B. With Evans Blue (11 Subjects) 


Blood volume (liters)...... 5.89 + 0.16 0.78 + 0.11 13.2 5.01 - 7.58 
Blood volume (ec. per Kg.) .... codon 100.3 + 2.30 10.8 + 1.62 10.8 86.4 - 126.4 
Plasma volume (liters).......... bis 2.14 + 0.06 0.27 + 0.04 12.6 1.66 - 2.59 
Plasma volume (ee. per Kg.).......... Perey yt Peer te ieee 36.2 + 0.55 2.6 + 0.39 7.2 $2.8 - 40.8 
Red cell volume (liters)............... codes 3.73 + 0.15 0.71 + 0.11 19.0 2.88 - 5.56 
Red cell volume (ce. per Kg.).........+- - erin 64.1 + 2.39 11.2 + 1.69 17.5 49.7 - 92.7 
Total hemoglobin (Gm.).......... sSnedtan pan Rea 1,293 + 54.1 254 + 38.2 19.6 997 - 1,926 
Total 22.0 + 0.87 4.1+ 0.61 18.6 17.2 - 32.1 
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or nearby, where they were investigated or at 
altitudes over 3,050 meters (10,000 feet), in the 
latter case with a long residence in Oroya or 
Morococha. For 15 residents of Oroya and 18 of 
Morococha arterial blood was obtained and 
analyzed for its oxygen saturation in order to 
determine the degree of anoxemia to which the 
hematologic characteristics corresponded. Tables 
16, 17, 18 and 19 contain the results obtained in 
all the studies made for these series of subjects. 
In Oroya, the lower locality, where the mean 
arterial oxygen saturation was found to be 
87.6 + 0.27 per cent, with variations between 
84.4 and 90.2 per cent, the mean hemoglobin 
content was 18.82 + 0.15 Gm. per hundred cubic 
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Chart 12.—Relationship between the mean arterial 
oxygen saturation (per cent) and the mean hemoglobin 


content (grams per hundred cubic centimeters) in healthy - 


male residents at different altitudes. The points used 
in the construction of the curves correspond to our 
observations and those made by Barcroft and others,® 
Stammers,53f Talbott and Dill 5%" and Andresen and 
Mugrage.53i 


centimeters; in 36 men (90 per cent) the con- 
centration exceeded 17.50 Gm., with a maximal 
value of 22.05 Gm., and in only 4 subjects (10 
per cent) it fell within the limits of variations 
seen at sea level (chart 11). The hematocrit 
reading also showed proportional increases; in 
35 men (87.5 per cent) it was higher than 50.0 
per cent red cells, with a maximal value of 65.4 
per cent. In Morococha, the higher place, with a 
mean arterial oxygen saturation of 81.4 + 0.45 
per cent and variations between 75.2 and 86.2 per 
cent, the increases in the hemoglobin and hema- 
tocrit values were greater, as shown by the mean 
values of 20.76 + 0.20 Gm. and 59.9 + 0.66 red 
cells per cent.** All subjects had hemoglobin 
and hematocrit values over 17.50 Gm. and 50.0 
per cent, respectively ; in 2 cases the high figures 
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of 25.40 Gm. and 76.2 per cent were obtained. 
The graphic correlation of the mean values of 
arterial oxygen saturation and the hemoglobin 
concentration corresponding to residents at sea 
level and at different altitudes obtained in pre- 
vious investigations ** and by us, in which the 
hemoglobin has been calculated from the accurate 
determination of the oxygen-binding capacity of 


SEA LEVEL 


HIGH ALTITUDES 


REO BLOOD CELLS (%) 


DIAMETER (microns) 


Chart 13.—Diameter of the red blood cells at sea 
level and at high altitudes. The solid line represents 
measurements made for 130 healthy men living at sea 
level (a total of 39,400 cells measured) ; the interrupted 
line, measurements made for 72 healthy male residents 
of Oroya (at 3,740 meters; 12,240 feet) and Morococha 
(4,540 meters; 14,900 feet) (a total of 17,100 cells 
measured). 


the blood, shows a striking inverse relationship 
between the degree of arterial oxygen saturation 
and the level of hemoglobin in the circulating 
blood (chart 12). 

The morphologic characteristics of the red 
blood cells varied in some respects from those 
observed in healthy residents at sea level (table 
20). The circulating erythrocyte at high alti- 


54. The mean value of 20.76+0.20 Gm. of hemo 
globin is considerably higher than 15.93 + 0.20 Gm, 4 
mean obtained by one of us (A. H.) 5%¢ in 1932 in obser- 
vations made on healthy men living in the same locality. 
The reason for this discrepancy was found in a later 
investigation to be due to the water used for the dilu- 
tion of the blood sample in the Sahli hemoglobinometef, 
a technic employed in the 1932 study; after addition of 
the water available in this place the color of the hematit 
solution faded rapidly, giving, in consequence, abnormal 
low values. 

55. Barcroft and others. Stammers.5%f Talbott ani 
Dill.53h Andresen and Mugrage.5#i 
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tudes has a larger size, as shown by an increased 
mean volume, diameter and surface area; the 
Price-Jones curves corresponding to the measure- 
ment of the diameter of several thousands of red 
cells at sea level and at high altitudes (chart 13) 
revealed a displacement to the right in the latter 
places, where 40.8 per cent of the cells had a 
diameter above 8.00 microns, as compared with 
16.3 per cent at sea level; on the other hand, a 
diameter of less than 7.00 microns was observed 
in 24.9 per cent of the red cells of subjects 
studied at sea level, in contrast with 9.6 per 
cent at high altitudes. The tendency to a slight 
macrocytosis at high altitudes has been observed 
in previous investigations ** ; mean corpuscular 
volumes of 96.2 and 94.1 cubic microns have been 
found for the native residents of Morococha and 


Tarte 20.—Morphologic Characteristics of the Red 
Blood Ceils of Healthy Men (Residents) 
at Different Altitudes 


Lima Oroya Morococha 
Sea level 3,730 meters 4,540 meters 
Number of subjects...... 175 40 32 
Mean + P. E. 
Corpuscular mean vol- 
ume (cu. microns)...... 91.3 + 0.23 95.2 + 0.58 97.5 + 0.75 
Corpuscular mean diam- 
eter (microns).......... 7.48 + 0.01 7.882+0.038 7.74+0.01 
Corpuscular mean thick- 
hess (microns).......... 2.09 + 0.01 1.97 + 0.02 2.08 + 0.02 
Corpuscular mean sur- 
face area (sq. microns). 137 + 0.22 146 + 0.47 145 + 1.18 
Spherocytie index....... 0.28 + 0.01 0.25 + 0.01 0.25 + 0.01 
Corpuscular mean hemo- 
globin (micromicro- 
31.2+0.09 33.040.25 33.94 0.29 
Corpuseular mean hemo- 
globin eoncentration 
CW)... 34.1 + 0.07 84.8 + 0.10 34.7 + 0.12 


Quilchua (at 4,540 and 5,340 meters, respec- 
tively). Talbott ®* reported an increase in 
the size of the red blood cells in the mem- 
bers of the Chilean High Altitudes Expedition 
after a prolonged residence. The high red 
cell count associated with the moderate increase 
in the cell volume at high altitudes makes the 
latter characteristic more significant, because 
at sea level a greater number of red cells per cubic 
millimeter is accompanied by a decreased cell size 
(table 4). The hemoglobin content of the red 
cells was found to be elevated in the residents of 
high altitudes as compared with the observations 
made at sea level, but the increase corresponded 
to their larger size, as shown by the corpuscular 
hemoglobin concentration (per cent), which was 
practically unchanged at all altitudes. 

It has been postulated by some investigators *” 
that the hemoglobin is distributed on the surface 
of the red cells; a statistical study of our obser- 
vations on healthy men living at sea level and 


56. Talbott, J. H.: Folia haemat. 55:23, 1936. 
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at high altitudes (which include a total of 130 
and 72 men, respectively) fails, however, to 
support such a view. The coefficients of corre- 
lation between mean corpuscular volume and 
mean corpuscular hemoglobin were found to be 
+ 0.7791 + 0.0232 and + 0.8636 + 0.0202 for 
the series of subjects studied at sea level and 
at high altitudes, respectively, while the corre- 
sponding coefficients between mean corpuscular 
surface area and mean corpuscular hemoglobin 
were + 0.5272 + 0.0427 and + 0.4503 + 
0.0633. 

The mean values for the reticulocytes, in per 
cent and per cubic millimeter, were higher than 
the corresponding ones at sea level, and the in- 
crease was especially marked at the higher 
altitude (Morococha), where the large majority 
of the natives showed values well above the 
upper sea level limit of variation (chart 11) ; 
the highest observed value was 3.3 per cent. 
Barcroft and his collaborators* found that 5 
native residents of Cerro de Pasco (4,330 
meters ; 14,200 feet of altitude) had reticulated 
counts between 1.2 and 2.0 per cent, with an 
average of 1.5 per cent, and that 4 American 
residents had counts between 1.3 and 1.5 per 
cent. At the extremely high elevation of 5,340 
meters (17,500 feet) Talbott and Dill **" ob- 
served counts of 0.4, 0.6 and 3.4 per cent in the 
blood of 3 residents. No nucleated red cells in 
the peripheral blood have been observed in pre- 
vious investigations or by us in residents of 
high altitudes. 

A definite rise was observed in the serum 
bilirubin, which confirmed previous but less com- 
plete observations.°*® The mean values of 
1.47 + 0.09 and 1.56 + 0.19 mg. per hundred 
cubic centimeters, obtained in Oroya and in 
Morococha, respectively, indicated approxi- 
mately 100 per cent increase over the mean 
normal value: at sea level, and in the majority 
of the subjects the pigment was present in a 
concentration exceeding 1.00 mg. per hundred 
cubic centimeters (chart 11). At the higher 
altitude (4,540 meters; 14,900 feet) we deter- 
mined the bilirubin in its total ‘and fractionated 
forms in 20 natives; it was found that the in- 
crease affected almost exclusively the indirectly 
determined pigment; the ratio direct : total bili- 
rubin had an average value of 29.5 per cent, in 
contrast with 51.4 per cent observed at sea level. 

The bilirubin-excretory function of the liver 
was investigated in 4 native residents of Moro- 


57. Biirker, K.: Arch. f. Physiol. 195:516, 1922. 
Brinkman, R., and Szent-Gyérgy, A.: J. Physiol. 58: 
204, 1923. Rabinowitch, I. M., and Strean, G.: Hemo- 
globin Content of Red Blood Cells in Relation to Their 
Surface Area, Arch. Int. Med. 34:124 (July) 1924. 
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cocha by injecting 50 mg. of bilirubin and de- 
termining its concentration in the blood three 
hours after the injection (method of von Berg- 
man, quoted by Dameshek and Singer **) ; the 
same men were brought down to sea level ten 
days later, where the test was repeated twenty 
to thirty-six hours after arrival. For compara- 
tive purposes the same test was performed for 
4 residents of sea level and repeated immediately 
after their arrival to Morococha. The results 
obtained in the sixteen tests are given in chart 14. 
The 4 natives studied in Morococha, all with an 


way in 3 of them; in 1 it was practically un- 
changed. No significant alterations were ob- 
served in the group of 4 men studied first at sea 
level and later on arrival at high altitude in 
regard to the basal pigment and the degree of 
retention of the injected bilirubin. 

The viscosity of the blood of 30 native resi- 
dents of Oroya (3,730 meters; 12,240 feet) had 
a mean value of 8.4 + 0.21 with a standard 
deviation of 1.7, figures which are distinctly 
higher than the corresponding ones, of 4.64 + 
0.025 and 0.86, obtained by Nygaard, Wilder 
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Chart 14.—Results of bilirubin excretion tests of healthy men at sea level and at high altitudes. i, basal 
serum bilirubin; JJ, serum bilirubin five minutes after an intravenous injection of 50 mg.; III, serum bilirubin 
three hours after the injection. Notice the increase in the basal bilirubin which occurs when men living at high 


altitudes are brought down to sea level. 


initial bilirubin concentration above 1.00 mg. per 
hundred cubic centimeters, showed a higher de- 
gree of retention of the injected bilirubin than 
the men studied at sea level; in 2 of them the 
retention was marked (62.9 and 86.7 per cent) ; 
when brought down to sea level all showed an 
increase in the basal value for bilirubin, but, on 
the other hand, the excretion of the injected 
pigment was accomplished in a more complete 


and Berkson ** for 503 subjects studied at sea 
level. Holbrook and Watson * found, also at 
sea level, an average value of 5.08, with varia- 
tions between 4.0 and 6.0, in 97 normal subjects. 


58. Nygaard, K. K.; Wilder, M., and Berkson, Ja 
Am. J. Physiol. 114:128, 1935. 

59, Holbrook, A. A., and Watson, B. M.: Am. J. 
M. Sc. 198:750, 1939. 
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HURTADO ET AL—ANOXEMIA 


The fragility of the red blood cells to hypo- 
tonic solutions of sodium chloride was found to 
be essentially normal in the subjects investigated 
in Oroya. The mean values, of 0.46 + 0.001 
and 0.38 + 0.002 per cent, for initial and total 
hemolysis, respectively, were the same as those 
obtained at sea level. Only in 2 subjects the 
values obtained for initial hemolysis were slightly 
higher than the upper limit observed at sea level, 
which showed some evidence of increased 
fragility. 

The number of leukocytes per cubic millimeter 
did not show any significant alteration in the 
native residents of high altitudes. The mean 
observed values in Oroya and Morococha were 
almost identical with the one observed at sea 
level; in only 1 subject at the higher altitude, a 
slight leukocytosis (10,900 white cells per cubic 
millimeter) was observed. On the other hand, 
the differential leukocyte count when compared 
with the sea level values showed a mean per- 
centage increase in the lymphocytes, more 
marked the higher the altitude, with a corre- 
sponding decrease in the segmented neutrophils 
and eosinophils and, to a lesser degree, in the 
monocytes; the mean values of the stab neutro- 
phils and basophils did not show any appreciable 
change. This relative lymphocytosis has been 
observed in previous investigations made at high 
altitudes ; these have been summarized by Loewy 
and \V ittkower. 8) In this respect it is interesting 
to mention that the variation in the differential 
leukocyte count has been found to exist in resi- 
dents of elevations below 2,000 meters (6,560 
feet ).°° 

The circulating blood volume was investigated 
for 47 healthy Indian natives, 30 of them resi- 
dents of Oroya (at 3,730 meters; 12,240 feet) 
and 17 residents of Morococha (at 4,540 meters ; 
14,900 feet). In the latter place 11 of the 
determinations were carried out by means of 
injection of the dye Evans’ blue (method of 
Gibson and Evans *°) ; all the others were made 
with the dye brilliant vital red.*7 The results ob- 
tained in both places agreed in the finding of 
an increased total cell volume in all subjects 
investigated, but the degree of the increase was 
not similar in the two methods (table 19). In 
Oroya, the lower place, the cell volume, ex- 
pressed in cubic centimeters per kilogram of 
body weight, showed a mean increase of 59.7 
per cent over the corresponding sea level value ; 
in Morococha, the higher altitude, the mean 
increase was 90.9 per cent with the brilliant vital 


60. Ruppanner, E.: Schweiz. med. Wehnschr. 50: 
105, 1920. Stammers, A. D.: J. Physiol. 78:335, 1933. 
Peterson, R. F., and Peterson, W. G.: J. Lab. & Clin. 
Med. 20:723, 1935. Fitzgerald.5#9 
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red method and 65.2 per cent with the Evans’ 
blue. The plasma volume, in cubic centimeters 
per kilogram of body weight, was found to be 
practically unchanged at both altitudes. accord- 
ing to the determinations made with brilliant 
vital red, but had an average decrease of 23.1 
per cent in Morococha, in those men in whom 
the Evans’ blue dye was employed. 


The discrepancy between the results obtained by the 
two dye methods cannot be strictly attributed to their 
different technical characteristics; the small number oi 
subjects studied in each series may be an important 
factor in explaining the higher cell volume observed 
with the brilliant vital red. In a recent observation, 
not included in this paper, a determination of the blood 
volume made for 1 healthy native resident of Moro- 
cocha by means of the dye Evans’ blue gave the values 
of 165.2, 32.0 and 132.3 cc. of blood, plasma and red 
cells, respectively, per kilogram of body weight. Another 
indication of the possible accuracy of the results ob- 
served with brilliant vital red is the high correlation 
coefficient, of + 0.8008 + 0.0269, obtained between the 
hematocrit level and the total red cell volume of 79 sub- 
jects studied at high altitudes with this dye method 
(including healthy natives and persons with pathologic 
conditions, the latter to be discussed in the next chapter). 
An analogous correlation has been found to exist in 
cases of polycythemia vera,®! in the study of which 
Evans’ blue dye was employed, and in dogs investigated 
by means of radioactive iron.62 

Taking into consideration the objections which have 
been raised in regard to the use of the hematocrit in 
the determination of the total blood volume and the 
recent criticisms ®° concerning the accuracy of the linear 
extrapolation for the calculation of the plasma volume 
with Evans’ blue dye, it seems appropriate at the present 
time to stress the value of comparative studies made 
with similar technics rather than the strict significance 
ot absolute figures obtained by a given method. In 
reviewing the importance of determinations of blood 
volume Keith 6 has recently remarked that “the ideal 
method of estimating plasma and blood volume has still 
to be discovered.” 


The existence of a polycythemic normovolemia 
or hypervolemia in residents of high altitudes 
has been demonstrated in previous investigations 
made at moderate elevations. Lippmann,* in 
1926, obtained average values of 87.3, 40.2 and 
47.1 cc. of blood, plasma and red cells per kilo- 
gram of body weight in 4 men living in Davos, 
at an altitude of 1,590 meters (5,000 feet) ; 
Lozoya Solis,** in 1936, determined the blood 
volume of 53 healthy men living in the city of 
Mexico, located at an altitude of 2,260 meters 
(7,140 feet) and found mean values of 92.4 and 


61. Gibson, J. G.: Ann. Int. Med. 14:2014, 1941. 

62. Hahn, P. H., and Bale, W. F.: Am. J. Physiol. 
136:314, 1942. 

63. King, B. G.; Cole, K. S., and Oppenheimer, E. T.: 
Am. J. Physiol. 138:636, 1943. Davis.34 

64. Keith, N. M.: J. Mt. Sinai Hosp. 8:692, 1942. 

65. Lippmann, A.: Klin. Wchnschr. 5:1406, 1926. 

66. Lozoya Solis, J.: Arch. latino-am. de cardiol. y 
hemat. 6:241, 1936. 
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50.7 cc. of blood and red cells per kilogram of 
body weight, which he considered to represent 
increases of 8.7 and 12.7 per cent, respectively, 
over the sea level values. The plasma volume 
was unchanged. The correlation of our findings 
with those obtained in these investigations seems 
to indicate that there is an inverse relationship 
between the volume of circulating red cells, ex- 
pressed in cubic centimeters per kilogram of 
body weight, and the arterial oxygen saturation. 
The higher the altitude and the degree of 
anoxemia, the more marked is the increase in the 
cell volume, while the plasma volume remains 
unchanged or decreases. 

The polycythemia associated with constant ex- 
posure to a low barometric pressure has also 
been long since verified in animals living at high 
altitudes.’ Izquierdo cited the investigations 
of Vergara Lopez, who in studies made in the 
city of Mexico in 1899 found an increase of red 
blood cells in guinea pigs. Hall, Dill and 
Barron *¢ observed an increased amount of 
hemoglobin in the blood of sheep and rabbits 
living at altitudes over 3,050 meters (10,000 
feet) ; these investigators made the interesting 
observation that in the llama, a native animal 
of the high Andean plateau, an increasing level 
of altitude corresponded to a decreasing amount 
of hemoglobin in the blood. Rotta *¢ has ob- 
served in dogs living in Morococha (at 4,540 
meters ; 14,900 feet) changes in the blood volume 
parallel to those found by us in the Indian native 
residents of that place ; in determinations made in 
9 dogs he found an increase of 44.5 per cent 
in the red cell volume, while the plasma volume 
was almost identical to the one observed in the 
comparative studies made at sea level (table 21). 


Tas_e 21.—Determinations of Blood Volume * of Dogs 
at Sea Level and in Morococha (at 4,540 Meters; 
14,900 Feet); Data Taken from Rotta 674 


Sea Level Morococha 
Average weight (Kg.)..........-....... 9.0 7.6 

Mean + P. E. 

Blood volume (ce. per 80.7+1.04  96.0+ 2.62 
Plasma volume (cc. per Kg.).........-- 45.9+094 45.7+1.50 
Red cell volume (ec. per Kg.)......-.... 34.6 + 1.14 50.0 + 2.22 


* With dye brilliant vital red. 


67. (a) Izquierdo, J. J.: Compt. rend. Soc. de biol. 
87:1195, 1922. (b) Mulligan, R. M.: Am. J. Physiol. 
133:394, 1941. (c) Hall, F. G.; Dill, D. B., and 
Barrén, E. S. G.: J. Cell. & Comp. Physiol. 8:301, 
1936. (d) Rotta, A.: La circulacién en las grandes 
alturas, Lima, Facultad de Medicina, 1938. 


Observations in Cases of Pneumonoconiosis 
(Silicosis) —Studies were made in Oroya (at 
an altitude of 3,730 meters [12,240 feet]) on 
82 persons who had silicosis acquired while they 
were working in mines located at high altitudes. 
Owing to the anatomic alterations in the lungs 
these patients often showed an abnormal accen- 
tuation of the afterial oxygen unsaturation pres- 
ent in some degree in all dwellers of high alti- 
tudes. It was, in consequence, interesting to 
investigate the effects of this increased degree 
of anoxemia on the hematologic characteristics 
of the circulating blood. 

All the silicotic persons were Indian natives 
born and living at high altitudes; their ages 
varied between 25 and 56 years. Their physical 
characteristics corresponded to their race, and, 
with few exceptions, undernourishment was not 
revealed by the clinical examination. The diag- 
nosis of silicosis was made with consideration 
of the occupational history (exposure to siliceous 
dust while working in the mines) and the find- 
ings in the roentgenogram of the chest. The 
pulmonary lesions fluctuated from discrete nodu- 
lations to large areas of confluent fibrosis. No 
person with tubercle bacilli in the sputum or 
with an obvious associated tuberculosis has been 
included in this series. In each case, in addi- 
tion to and simultaneous with the taking of the 
venous blood sample on which the different 
hematologic studies were carried out, an arterial 
puncture was made and the blood taken analyzed 
for its carbon dioxide content and oxygen satura- 
tion. The latter varied between 43.3 and 908 
per cent. Forty of the men showed a saturation 
of 84.0 per cent or higher, corresponding to that 
found in the healthy residents of the altitude 
where the investigations were made; in 33 it 
varied between 72.0 and 83.9 per cent; in 5 it 
was found to fluctuate between 60.0 and 71.9 per 
cent; and, finally, in the remaining group of 4 
the arterial oxygen saturation was less than 60.0 
per cent, the lowest value being 43.3 per cent. 
The last two groups included 4 silicotic men 
with obvious clinical signs of an associated circu- 
latory insufficiency. The results obtained in the 
different investigations on the blood are given, 
in relation to the degree of anoxemia, in tables 
22 and 23 and presented graphically in charts 
15 and 16. 

Men with silicosis in whom no accentuation 
of the degree of anoxemia was caused by the 
pulmonary lesions presented hematologic char- 
acteristics similar to those observed in the healthy 
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residents of the altitudes where they lived.** 
On the other hand, silicotic men with an ab- 
normal and more pronounced unsaturation of the 
arterial blood showed definite rises in the con- 
centration of red blood cells and hemoglobin, 
which were, up to a certain limit, greater the 
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Chart 15——Relation between values for hemoglobin, 
reticulocytes and bilirubin and the degree of arterial 
oxygen saturation in persons with silicosis studied at 
high altitudes. 


higher the degree of anoxemia. The 3 highest 
hemoglobin and hematocrit values observed were 


68. All the men with silicosis lived at altitudes of 
about 4,200 to 4,500 meters (13,800 to 14,800 feet), 
where the mines were located, but the study was made 
one or two days after their arrival at Oroya, at an 
altitude of 3,730 meters (12,240 feet). Thus, the arterial 
oxygen saturation found in the investigations corre- 
sponded to the latter altitude, while the hematologic 
characteristics were related to the influence of the higher 
altitudes where they lived. 
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26.89, 27.47, 28.68 Gm. per hundred cubic centi- 
meters and 81.1, 81.2 and 82.3 per cent red cells, 
respectively. The determination of the blood 
volume of the respective subjects revealed, simi- 
larly, a marked increase in the cell volume, also 
in proportion to the degree of anoxemia, accom- 
panied by a decreased plasma volume. In 11, 
or 25 per cent of the cases studied, the blood 
volume was higher than 150 cc. per kilogram 
of body weight, and in 13 cases, or 29.5 per cent, 
the red cell volume, similarly expressed, was 
higher than 100 cc. In a case of advanced 
silicosis, studied subsequently and not included 
in this series, a determination of blood volume 
made with Evans blue dye gave the following 
results : 150.2, 48.2 and 101.2 cc. of blood, plasma 
and red cells, respectively, per kilogram of body 
weight. 


These men with silicosis, all studied at the same alti- 
tude and showing great variability in the degree of 
anoxemia and in the level of polycythemia, offered a 
good opportunity to investigate the possible influence of 
other factors, in addition to the arterial oxygen insatu- 
ration, on the hematologic characteristics.. In regard to 
the carbon dioxide content of the arterial blood, an 
increase of which has been cited as capable of elicit- 
ing a polycythemic response,®® a correlation coeffi- 
cient of —0.3275 + 0.0686 was obtained between the 
arterial content of this gas (in volume per cent) and 
of hemoglobin (grams per hundred cubic centimeters), 
in contrast to the one of —0.4265 + 0.0629 obtained 
between the arterial oxygen saturation (in per cent) 
and the hemoglobin (similarly expressed). Both corre- 
lations were linear (no significant difference with the 
correlation ratios) and independent of each other (the 
partial correlation coefficients had the same values). 

The possibility of an unequal distribution of red blood 
cells in the vascular system, a factor which in the past 
has been thought to explain, at least in part, the poly- 
cythemia of high altitudes,7° also has been investigated : 
for 44 subjects (some of whom were healthy men) red 
blood cell counts were made on samples of capillary 
and venous blood taken simultaneously; the mean ob- 
served counts were 6.30 + 0.09 and 6.21 + 0.10 millions 
per cubic millimeter, respectively ; in 66 per cent of the 
cases the capillary count was higher than the venous, 
the average difference being 0.24 millions. In 15 cases 
of silicosis the red cell count was determined on sam- 
ples of capillary, venous and arterial blood taken simul- 
taneously; the mean values (millions of red cells per 
cubic millimeter) corresponding to these series of deter- 
minations were found to be as follows: capillary blood, 
7.52 + 0.22; venous blood, 7.33 + 0.20; arterial blood, 
7.19+ 0.21. The differences between these mean values 
have no statistical significance. Finally, in 19 cases of 
silicosis a hematocrit determination was made on venous 
and on arterial blood, also taken simultaneously; the 
mean observed values were 69.6 + 1.15 and 69.7 + 1.14 
per cent red cells, respectively. These results show 
that the degree of polycythemia was essentially similar 


69. Jordan, H. E., and Speidel, C. C.: J. Exper. Med. 
40:1, 1924. 

70. Campbell, W. A., and Hoagland, H. W.: Am, J. 
M. Sc. 122:654, 1901. Foa, C.: Lab. sc. internat. du 
Mont Rosa, Turin 1:15, 1904. Goyda, T.: Chem. Zen- 
tralbl. 1:672, 1911. 
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in the different sections of the vascular system, with a 
slight tendency to be higher in the capillary circuit. 
The various morphologic characteristics of the 
circulating erythrocytes were similar to those 
found in the group of healthy natives; a slight 
macrocytosis and a normal corpuscular hemo- 
globin concentration were the essential findings. 
Fewer reticulocytes were observed in these sub- 
jects; this was perhaps related to the fact that 
they were studied at an altitude lower than their 
habitual place of residence. The serum bilirubin 
was elevated in almost all the subjects; in 12 
men, or 27.3 per cent of the total, the concen- 
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A certain degree of equilibrium between for- 
mation and destruction of blood seems to be 
attained in these persons with severe anoxia and 
marked polycythemia ; administration of phenyl- 
hydrazine to a silicotic patient who had a red 
cell count of 10,630,000 per cubic millimeter (the 
highest count observed by us at high altitudes) 
caused a sharp increase in the serum bilirubin 
followed by a definite accentuation of the re- 
ticulocytosis (chart 17). Study of the data pre- 
sented in tables 22 and 23 and in charts 15 and 
16 indicates that the stimulating effect of the 
anoxic stimulus in eliciting a polycythemic 
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Chart 16.—Mean blood volumes for four groups of men with silicosis studied at high altitudes, arranged 


according to the degree of.arterial oxygen saturation. 


tration exceeded 3.00 mg. per hundred cubic 
centimeters, and the highest observed values were 
4.67, 5.55 and 7.24 mg. The viscosity of the 
blood was greatly augmented, and the mean val- 
ues obtained for the different groups of subjects 
revealed about 100 per cent increase over the 
corresponding values for the healthy residents ; 
the highest observed viscosity was 32.0. The 
coefficient of correlation between the hematocrit 
level and the viscosity of the blood, calculated 
from all the observations made on healthy and 
on pathologic subjects, was + 0.8205 + 0.0227, 
a coefficient similar to the one obtained by 
Nygaard, Wilder and Berkson ** in investiga- 
tions made at sea level. 


(The black zone represents red cell volume; the shaded 
zone, total hemoglobin; the white zone, plasma volume). 


response had a well defined limit in the cases 
we are discussing. The greatest increases in the 
hemoglobin and hematocrit values were observed 
in men who had an arterial oxygen saturation 
between 70.0 and 86.0 per cent. The poly- 
cythemic hypervolemia attained its highest values 
in the same group of cases. With saturations 
of approximately 68.0 per cent or less there was 
a decrease in the hemoglobin and red cell volume, 
accompanied by a higher plasma volume (chart 
18) and a greater number of reticulocytes (but 
in no case, regardless of the degree of anoxemia, 
were nucleated red cells found in the peripheral 
blood) ; the plasma bilirubin did not increase. 
The correlation of the arterial oxygen saturation 
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TREATMENT 


Caart 17—Values for red blood cells, reticulocytes 
and bilirubin determined during the administration of 
phe: ,Ihydrazine to a silicotic patient with a high level 
of olycythemia. Observations made at high altitudes. 


the mean arterial oxygen saturation was 76.2 per 
cent; on further ascent to an altitude of 6,140 
meters (20,140 feet), which reduced the mean 
saturation to 65.6 per cent, a decrease in the 
hemoglobin and red blood cells was observed ; 
Talbott suggested an increased rate of destruction 
of blood as the possible etiologic factor for this 
decrease. 

The high level of polycythemia found in men 
with silicosis was not associated with a corre- 
sponding increase in the number of leukocytes 
per cubic millimeter (table 22). Even the sub- 
jects who had a pronounced degree of anoxemia 
or a high level of polycythemia failed to show 
significant variations in the concentration of 
white blood cells; the differential leukocyte 
count, determined for 20 of these men, revealed 
frequent increases in the percentage value of stab 
neutrophils, but in no instance were metamyelo- 
cytes observed (table 24). The lack of corre- 
lation between the number of red and of white 
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Chart 18—Plasma volume in relation to the degree of arterial oxygen saturation in 43 patients with silicosis 
studied at high altitudes. The horizontal interrupted line represents the mean plasma volume for healthy native 
residents (determinations made with brilliant vital red dye). 


with the concentration of hemoglobin. in the 
circulating erythrocytes revealed that an increas- 
ing degree of anoxemia was associated with a 
gradual diminution in the amount of hemoglobin 
held by the red cells (chart 19); in this con- 
nection it was also significant to find a decreased 
mean corpuscular volume in the men who had an 
unusually high arterial insaturation (table 22). 
The observations made by Talbott °* on the mem- 
bers of the High Altitude Expedition to the 
Chilean Andes have a related significance; the 
highest level of polycythemia was found at an 
elevation of 5,340 meters (17,500 feet), where 


blood cells in the peripheral blood and the 
absence of leukocytosis as a response to a con- 
dition of chronic anoxemia may be appreciated 
in chart 20. 

Chemical study of the gastric contents in 
hematologic disorders has attained a consider- 
able interest in recent years. Most of this re- 
lates to the causative mechanism of various 
anemic processes, but it has been suggested ** 
that variations in the gastric acid content induce 


71. Lombardi, E., and Cino, J. A.: Riforma med. 
52:1343, 1936. 
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Taste 22.—Observations on Blood of Patients with Silicosis Grouped According to the Degree of Anoxemia 
(Study Made at an Altitude of 3,730 Meters; 12,240 Feet) 
pa 
Arterial O2 Saturation 
84% or or More 72.0-83.9 % 60.0-71.9 Less Than 60.0 % sil 
Red blood cells (millions per cu. mm.) pl 
6.65 + 0.10 7.72 + 0.00 7.9 + 0.49 7.98 + 0.53 1 
Standard deviation + P. E. sdieiy 0.90 + 0.07 0.80 + 0.06 1.47 + 0.35 1.35 + 0.37 
Coefficient of variation (%) 5 13.5 10.3 18.4 16.9 Ce 
4.58 - 8.36 5.64 - 9.22 6.46 - 10.63 5.83 - 9.66 
Hematocrit reading (red cells, per cent) (t 
Mean 63.7 + 0.65 71.6 + 0.82 74.7 + 2.12 67.9 + 2.34 
6.1 + 0.46 7.0 + 0.58 6.3 + 1.50 6.0 + 1.65 we 
Coefficient of variation (%).........-..-. 9.5 9.8 8.4 8.8 fre 
Extreme variations ............- 51.8 - 80.1 58.7 - 81.2 66.2 - 82.3 58.5 - 74.1 
Hemoglobin = per 100 ce.) ins 
21.52 + 0.19 23.77 + 0.24 24.26 + 0.85 20.58 + 0.72 
Standard iation 1.87 + 0.14 2.04 + 0.17 2.58 + 0.60 , 1.86 + 0.51 In 
Coefficient of variation 8.6 8.5 10.4 9.0 
18.03 - 26.64 19.23 - 27.47 21.77 - 28.68 17.66 - 22.7 ob 
Corpuscular volume (cu. microns) 
96.7 + 1.19 92.8 + 1.00 95.4 + 4.15 88.2 + 8.03 
Standard deviation 11.2 + 0.84 8.2 + 0.68 12.3 + 2.93 20.6 + 5.60 na 
Serre eee 80.0 - 120.9 77.1 - 106.2 76.4 - 109.9 72.4 - 123.7 mie 
Corpuscular mean hemoglobin (micromicrograms) ac 
32.7 + 0.33 31.1 + 0.34 31.1 + 1.69 26.9 + 2.72 : 
Standard deviation + P. E. 3.1 + 0.23 2.9 + 0.24 5.0 + 1.19 7.0 + 1.9 
Coefficient of variation (%) 9.4 9.3 16.0 26.0 
27.5 - 41.3 26.1 - 38.6 23.5 - 35.7 21.6 - 38.9 
Corpuscular mean hemoglobin concentration (“) 
33.9 + 0.09 33.3 + 0.13 32.4 + 0.50 30.3 + 0.54 
0.9 + 0.07 1.1 + 0.09 1.5 + 0.36 14+ 0.8: 
31.4 - 35.4 31.2 - 36.7 30.0 - 34.9 28.2 - 
Retieulocytes (per cent) 
0.6 + 0.07 0.7 + 0.0 0.6 + 0.20 1.9 + 0.2 
0.5 + 0.05 0.5 + 0.04 0.6 + 0.14 0.7 + 0.1 
Coefficient of variation (%) 83.3 71.4 100.0 36.8 
0-14 0-2.2 0.2 - 2.0 0.6 - 2.4 
Leukocytes (per cu. mm.) 
6,600 + 220 6,770 + 173 6,350 + 779 7,330 + 604 
2,060 + 155 1,480 + 122 2,310 + 552 1,550 + 
4,640 - 18,280 4,360 - 11,200 3,680 - 10,600 5,360 - 8,% 
* Includes 1 patient with circulatory insufficiency. 
+ Includes 2 patients with circulatory insufficiency. 
TaB_Le 23.—Observations on Blood of Patients with Silicosis Grouped According to the Degree of Anoxemia (S: dy 
Made at an Altitude of 3,730 Meters; 12,240 Feet) 
Arterial O2 Saturation 
84% or More 72.0-83.9 % 60.0-71.9 % Less Than & 9% 
Blood (ee. per Kg.) 
cae 114.6 + 2.72 133.5 + 4.27 191.3 + 21.6 156.6 + 5. { 
Standard deviation + P. E. 17.6 + 1.92 26.1 + 3.01 55.6 + 14.8 10.6 + 3.57 . 
Coefficient of variation (%) ivi 15.3 19.5 29.1 6.7 =) 
78.3 - 153.5 92.9 - 197.9 131.0 - 280.4 143.1 - 169.! 

Plasma volume (cc. per Kg.) f 
39.3 + 1.05 37.3 + 0.70 45.0 + 4.29 52.3 + 6.50 or 
6.8-+ 0.74 4.3 + 0.49 11.0 + 3.03 13.6 + 4.5 
Coefficient of variation (%) 17. 11.5 24.4 26.0 Ris 
one 27.3 - 52.3 19.1 - 49.1 27.9 - 57.3 35.9 - 65.5 20., 

Red cell volume (ec. per Kg.) gest 
75.0 + 2.52 94.1 + 3.89 145.3 + 19.9 108.2 + 1.72 
Standard deviation + P. E. ... 16.3 + 1.78 23.8 + 2.75 51.1 + 14.0 3.6 + 1.21 gas! 
Coefficient of variation (%) 21.7 25.3 35.1 3.5 of | 
43.3 - 109.8 64.3 - 156.1 86.8 - 227.5 98.1 - 106.1 

Total Hemoglobin (Gm. per Kg.) duc 
25.1 + 0.74 30.9 + 1.08 46.7 + 5.75 31.0 + 0.42 hi 
Standard deviation + P. E. ........0...c0.cceceeeeneeees 4.8 + 0.53 6.4 + 0.73 15.0 + 4.13 0.9 + 0.30 this 
Ooefficient of variation (%)........-:.cecccccceccesecceece 19.1 20.7 32.1 2.9 sim: 
14.7 - 36.7 22.1 - 51.2 28.6 - 70.1 29.8 - 33.3 

Bilirubin (mg. per 100 cc.) In a 
2.30 + 0.15 3.00 + 0.28 2.30 + 0.19 1.64 + 0.30 
Standard deviation + P. E. .................cccc00eesees 1,00 + 0.11 L.71 + 0.19 0.49 + 0.13 0.64 + 0.21 C 
1.00 - 4.13 0.91 - 7.24 1.76 - 2.88 0.74 - 2.21 

Blood viscosity ot te 
15.8 + 0.83 20.7 + 0.95 19.6 + 2.56 16.6 + 2.88 mer 
Standard deviation + P. E. 5.4 + 0.59 5.8 + 0.67 7.6+1.81 7.442.083 

Coefficient of variation (%) 34.2 28.0 38.8 . 44.6 freq 
9.0 - 30.0 11.4 - 32.0 7.2 - 28.8 10.2 - 28.6 
72 

* Includes 1 patient with circulatory insufficiency. in 
+ Includes 2 patients with circulatory insufficiency. 1932 
73, 
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parallel changes in the erythropoiesis. We have 
investigated the gastric acidity of 9 patients with 
silicosis, all with pronounced polycythemia, em- 
ploying a 7 per cent solution of alcohol and 
1 cc. of histamine phosphate (Parke, Davis & 
Company) as stimulants for the gastric mucosa 
(table 25). Free hydrochloric acid and pepsin 
were absent in all residual samples; in 5 cases 
fre hydrochloric acid failed to appear after the 
ingestion of alcohol, and this condition persisted 
in - cases after injection of histamine. Previous 
obs: rvations, not published, made by one of us 
(\. H.) are related to these findings; of 37 
nat'\ve Indian residents of Morococha (at 4,540 
meers; 14,900 feet) who were examined on 
acc unt of various gastric symptoms (discom- 
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‘ation of the polycythemia which in some degree 
is found in most dwellers at high altitudes. The 
different aspects of this hematologic disorder, to 
which the names chronic mountain sickness, high 
altitude erythremia and Monge’s disease have 
been given, have been recently reviewed by 
Monge.** Table 26 shows the hematologic char- 
acteristics and the degree of arterial oxygen 
saturation of 8 patients with this condition, whose 
cases have been described in greater detail in a 
recent paper.*> When compared with the healthy 
residents of the altitudes at which they lived, all 
these patients showed a considerable increase in 
the hemoglobin and red cell volume, associated in 
most cases with a decrease in the plasma voluine. 


The bilirubin was elevated in all the cases in which 


CORPUSCULAR HB CONC.% 
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92 90 98 86 84 82 80 78 76 74 72 70 686 66 64 62 60 56 56 54 52 50 48 46 44 42 


ARTERIAL SATURATION % 


(hart 19.—Relationship between the mean corpuscular hemoglobin concentration and the degree of arterial 
oxyeen saturation in men with silicosis studied at high altitudes. 


fort, indigestion, etc.) an absence of free hydro- 
chloric acid was verified in 21, equivalent to 
56.7 per cent of the total. These results sug- 
gest that achlorhydria, and possibly achylia 
gastrica, is not an infrequent finding in residents 
of high altitudes, and that the polycythemia in- 
duced by the anoxic stimulus may coexist with 
this chemical change in the gastric contents. A 
similar observation has been made at sea level 
in a case of polycythemia vera." 

Observations in Cases of Chronic Mountain 
Sickness —Monge,** in 1928, reported that loss 
of tolerance to a low barometric pressure environ- 
ment after a constant or prolonged residence is 
frequently associated with an abnormal accentu- 


72. Michaelidis, F.: Wien. klin. Wehnschr. 45:1250, 
1932, 

73. Monge, C., and others: Crén. méd., Lima 45: 
238, 282 and 345, 1928; 46:13, 58, 80 and 129, 1929. 


it was determined; in 2 cases the reticulocyte 
count reached high values. The leukocyte count 
was found to be within normal limits. These ob- 
servations confirmed previous studies.”* In all but 
1 of the cases the arterial oxygen saturation was 
below the limits of variation found in healthy 
residents. Three of the 4 patients who were 
followed after descent to sea level had a decrease 
of the cell volume associated with a less propor- 
tional increase in the plasma volume. 

In 3 cases of chronic mountain sickness in 
which the patients were studied after descent to 
sea level, Urteaga and Boisset ** observed an 


74. Monge, C.: Physiol. Rev. 23:166, 1943. 

75. Hurtado, A.: Chronic Mountain Sickness, J. A. 
M. A. 120:1278 (Dec. 19) 1942. ; 

76. Hurtado, A.: Aspectos fisiolégicos y patolégicos 
de la vida en Ia altura, Lima, Editorial Rimac, 1937. 

77. Urteaga, O., and Boisset, G.: An. Fac. de med., 
Lima 25:67, 1942. 
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increase in the hemoglobin and hematocrit values ' 


and in the total cell volume and a decrease in 
the plasma volume. The bilirubin content was 
elevated, and the test for excretion of this pig- 
ment revealed an abnormal retention. However, 
roentgen examination disclosed the presence of 


conditions, which may show analogous hemato- 
logic alterations on account of the increased anoxic 
stimulus present in both but which are two entire- 
ly separate entities, already has been emphasized,” 
and this is especially important in studies carried 
out in mining zones located at high altitudes. 


Taste 24.—Leukocytes and Leukocytic Differential Counts of Patients with Silicosis with a High Degree oj 
Anoxemia or Polycythemia (Observations Made at an Altitude of 3,730 Meters; 12,240 Feet) 


Arterial Hemo- Leuko- Neutro- 
Oz globin, Hematocrit cytes, ils, 
Case Saturation, Gm. per Reading, per tab, 

No. Jo 100 Ce. R.B.C.,% Cu. Mm 
1 43.3 22.72 72.1 8,7% 28 
2 48.9 20.82 74.1 6,280 7 
43.9 17.66 58.5 5.360 20 

4 m2 28.68 82.3 3,680 8 

) 68.8 21.77 69.6 5,200 20 

6 71.4 25.00 81.2 6,460 1 
7 75.3 23.07 72.6 5,280 9 
s 88.2 24.04 65.4 5.960 14 
9 86.1 23.10 ¥ 6,000 16 
10 79.5 25.30 76.5 6,760 4 
11 78.1 24.78 73.0 5,580 14 
12 82.1 26.43 81.1 7, 8 
13 82.4 24.98 76.9 6,400 10 
14 90.8 23.92 68.6 7,880 4 
15 78.3 24.22 75.0 7,800 2 
16 83.2 25.85 78.8 4,720 11 
17 78.8 25.38 7.2 11.200 7 
18 78.2 26.89 81.2 5,800 + 
19 86.5 24.45 71.6 7, 8 
20 87.8 26.64 80.1 5,660 5 


Neutro- Neutro- 
phils, phils, Eosino- Baso- Mono- Lympho- 
Segmented, Total, phils, phils, cytes, eytes, 
% % Te % 
88 0 4 8 
76 83 0 1 5 11 
66 86 1 0 4 9 
65 73 1 3 10 18 
68 88 0 0 4 8 
65 66 0 0 9 25 
71 80 3 0 2 15 
39 58 3 1 9 34 
52 68 3 25 
71 75 1 6 7 17 
64 78 0 0 4 18 
65 73 1 1 9 16 
63 73 1 0 2 24 
71 75 1 1 1 22 
Ho 67 2 3 5 23 
47 58 2 0 6 34 
49 56 7 2 3 32 
46 DO 2 0 3 45 
48 56 5 0 8 31 
46 51 2 0 3 44 


Taste 25.—Gastric Acidity of Patients with Silicosis Studied at an Altitude of 3,730 Meters (12,240 Feet 


Sample 1 
Free Total 
HCl Acid 
Arterial Oz Hemoglobin, 
Case Saturation, Gm. per 
No. % 100 Ce. r 
1 85.4 23.79 0 10 
2 $3.1 24.06 5 
3 79.2 22.87 o 9 
3 82.9 27.47 0 12 
o 70.8 24.01 0 3 
6 “fs 26.28 0 8 
7 ST 20.15 0 6 
78.2 23.98 0 
¥ 86.6 22.55 18 30 


Sample 2 Sample 3 Sample 4 

“Free Total Free Total Free Tota 
HCl Acid HCl Acid HC] Acid 
Ce. of 8/10 NaOH per 100 €c. 

13 26 15 32 22 36 
0 10 4 + 3 16 
0 5 0 7 0 8 

20 32 32 40 34 2 
0 4 0 4 0 t 
0 10 0 10 0 § 
0 8 10 18 ‘16 24 
0 6 0 8 0 10 

16 24 24 34 38 46 


Sample !, residual. 

Sample 2, 20 minutes after 50 cc. of 7 per cent alcohol. 
Sample 3, 40 minutes after 50 cc. of 7 per cent alcohol. 
Sample 3, 15 minutes after injection of histamine. 


TasBLE 26.—Observations on Blood of Persons with Chronic Mountain Sickness 


Place of Arterial Red Blood Hemato- Hemo- 


Reticulo- 


Leuko- Blood Plasma _ Red Cell Total 


Study, O2 Satu- Cells, crit, globin, eytes, Bilirubin, cytes, Volume, Volume, Volume, Hemo- 
Case Altitude, ration, Millions per R.B.C., Gm. per per Mg. per per Oc, per Ce. per Ce. per globin, Gm. 
No Meters %o Cu. Mm. (7) 100 Ce. Cent 100 Ce Cu. Mm. Kg. Kg. Kg. per Kg. 
1 3,730 77.4 9.35 83.0 27.17 4.4 8.33 3,800 202.9 33.4 168.3 55.1 
2 3,730 82.9 7.37 74.6 25.57 1.2 2.24 6,400 157.1 37.1 111.1 . 38.1 
3 3,730 75.9 8.63 73.0 24.01 0.6 5.55 6,210 149.6 39.6 109.2 35.9 
4 33730 79.4 8.50 81.7 24.60 5.6 2.67 7,200 211.9 27.7 173.1 52.1 
5 4,540 76.1 7.70 73.7 22.89 0.8 3.52 6,800 167.2 43.1 123.3 38.4 
6 4, 77.3 7.61 75.7 25.73 0.8 5, 5,800 196.6 46.8 148.8 50.6 
7 Sea level 95.9 8.00 79.2 26.13 0.3 4.59 6,100 2 37.8 147.3 48.6 
8 Sea level 91.2 8.97 79.2 23.50 0 a 6,400 197.8 40.2 156.7 46.5 


silicosis in 2 of the 3 subjects ; so the reported find- 
ings in these cases may be related to this illness 
rather than to chronic mountain Sickness. The 
importance of differentiating between these two 


ROLE OF ANOXEMIA IN POLYCYTHEMIA 
OBSERVED AT SEA LEVEL 


Polycythemia frequently accompanies chronic 
pulmonary diseases in which there is some degree 
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of arterial oxygen unsaturation. Such hematic 
alteration has been’ observed in subjects with 
fibrous changes in the lungs due to inhalation of 
dust,”® with chronic bronchitis, asthma or em- 
physema,"® with gas poisoning ®° and with pri- 
mary pulmonary arteriosclerosis of unknown 
origin.8t The polycythemia which is found in 
association with Ayerza’s disease, characterized 
by widespread fibrosclerotic pulmonary changes 
and right-sided heart failure,®? is well known. 
Our observations at high altitudes give further 
support to the generally accepted view that the 
polycythemia associated with such conditions 
represents a response to the anoxic stimulus. It 
is difficult, however, to establish a precise com- 
parison between the polycythemia that develops 
at igh altitudes and that observed with the dis- 
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we have constructed the diagram of chart 21, 
which shows the relationship between the degree 
of arterial oxygen unsaturation and the amount 
of circulating hemoglobin in cases of pulmonary 
fibrosis, emphysema and Ayerza’s disease. It 
appears evident that most of the subjects with an 
arterial oxygen saturation of less than 90 per cent 
have some increase in hemoglobin, but this hema- 
tic response tends to be less than in residents of 
high altitudes with a corresponding degree of 
unsaturation and is frequently absent, especially 
in persons with pulmonary emphysema. The 
patients with Ayerza’s disease have the highest 
increases in hemoglobin; of 18 studied by the 
investigators mentioned, 8, or, 44.4 per cent, had 
values over 20 Gm. per hundred cubic centi- 
meters. The frequent lack of erythropoietic 


LEUKOCYTES ( THOUSANDS PER C um) 
6 


5 6 7 


9 0 


RED BLOOD CELLS (mii PER CMM) 


Chart 20.—Leukocyte count in relation to the erythrocyte count in healthy and pathologic subjects studied at 
high altitudes. The zone between the horizontal lines represents the limits of variation observed in healthy men 


at sea level. 


eases just mentioned, on account of the lack of 
information regarding the occurrence and the 
degree of anoxemia in most of the reported cases. 
‘rom the data reported by Berconsky,°** Capde- 
hourat 82° and Hurtado, Kaltreider and McCann ** 


78. Barker, N. W.: Polycythemia Vera and Chronic 
Pulmonary Disease, Arch. Int. Med. 47:94 (Jan.) 1931. 
Kaltreider, Hurtado and Brooks.3¢s 

79. Waring, J. J., and Yegge, W. B.: Ann. Int. 
Med. 7:190, 1933. ' 

80. Barcroft, J.; Hunt, G. H., and Dufton, D.: 
Quart. J. Med. 13:179, 1920. ; 

81. Darley, W., and Doan, C. A.: Am. J. M. Sc. 
191:633, 1936. 

82. (a) Berconsky, I.: Semana méd. 1:1569, 1933. 
(b) Capdehourat, E. L.: La cianosis de los cardiacos 
negros de Ayerza, Buenos Aires, Aniceto Lopez, 1934. 
(c) Jiménez Diaz, C.; Centenera, D., and Alemany, M.: 
Arch. cardiol. y hemat. 16:306, 1935. 


response to the anoxemia which is usually associ- 
ated with pulmonary emphysema has been pre- 
viously pointed out.** 

The moderate degree of anoxemia, which has 
been found to be of common occurrence after the 
age of 60 years ** not only fails to elicit a poly- 
cythemic response, but, according to recent 
observations,*® is accompanied by low red cell 
counts and hemoglobin values. 


83. Hurtado, A.; Kaltreider, N. L., and McCann, 
W. S.: J. Clin. Investigation 14:94, 1935. 

84. Lemon, W. S.: Ann. Int. Med. 3:430, 
Kaltreider, Hurtado and 

85. Dill, D. B.; Graybiel, A.; Hurtado, A., and 
Taquini, A. C.: Ztschr. f. Altersforsch. 2:20, 1940. 

86. Newman, B., and Gitlow, S.: Am. J. M. Sc. 
205:677, 1943. 
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There is rather scanty information in the 
literature regarding the blood volume and the 
morphologic characteristics of the erythrocytes in 
polycythemia secondary to pulmonary disease. 
It has been pointed out **¢ that the increase in 
blood volume is moderate; however, values as 
high as 136 and 168 cc. of blood per kilogram 
of body weight have been reported.*** The 
investigation of the blood volume in cases of 
Ayerza’s disease, in which the hemoglobin reaches 
the highest values observed with secondary 
polycythemia at sea level, will be of considerable 
interest. Kaltreider, Hurtado and Brooks **# 
found an unchanged corpuscular volume in cases 
of pulmonary fibrosis associated with some de- 


ARCHIVES OF INTERNAL 


MEDICINE 


polycythemia which has been frequently observed 
in cases of heart failure with a normal arterial 
oxygen saturation ** ; an anoxia of the circulatory 
type is probably the main factor responsible for 
the bone marrow stimulation in these cases. 
Gibson and Evans °° have found that the degree 
of increase in the blood volume in cases of cir- 
culatory insufficiency parallels the elevation of 
the venous blood pressure and the slowing of the 
circulation time. It is significant that increase in 
plasma volume such as was noted in their sul- 
jects at sea level has been observed by us at 
high altitudes in persons with silicosis associated 
with heart failure. A certain degree of poly- 
cythemia has been frequently observed in new - 
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Chart 21.—Relation between the hemoglobin content (grams per hundred cubic centimeters) and the degree 
of arterial oxygen saturation (per cent) in persons with fibrosis (solid dots), emphysema (open circles) and 


Ayerza’s disease (dotted circles) studied at sea level. 
investigations. 


Data obtained from the literature 8° and from previous 
The shaded area shows variations in the blood hemoglobin of healthy men living at sea level; 


the interrupted curve represents the approximate mean hemoglobin values which are found at various degrees of 
arterial oxygen saturation in healthy residents at high altitudes. 


gree of polycythemia, but the size of the red 
blood cells had an inverse correlation with their 
number per cubic millimeter; with counts over 
6,000,000 and 6,500,000 the mean corpuscular 
volume was found to be 81.4 and 74.3 cubic 
microns, respectively, figures which are dis- 
tinctly lower than those found by us for ¢esidents 
of high altitudes with similar levels of poly- 
cythemia. An increase in the total mass of red 
cells with a reduction in the plasma volume, a 
finding similar to ours in the silicotic patients 
studied at high altitudes, has been recently re- 
ported by Hallock *** in cases of congenital heart 
disease of the cyanotic type. Less clear appears 
to be the mechanism underlying the moderate 


born infants,*® and it is probably related, as has 
been suggested,” to the low oxygen saturation 
which has been demonstrated to exist during 
fetal life and at birth.*t The red blood cells of 


Failure of the Circulation, 


87. Harrison, T. R.: 
Alt- 


Baltimore, Williams & Wilkins Company, 1936. 
schule, M. D.: Medicine 17:75, 1938. 

88. Gibson, J. G., and Evans, W. A.: J. Clin. Inves- 
tigation 16:851, 1937. 

89. Harrop, G., and Wintrobe, M. M.: Polycythemia, 
in Downey, H.: Handbook of Hematology, New York, 
Paul B. Hoeber, Inc., 1938, vol. 4. 

90. Goldbloom, A., and Gottlieb, R.: J. Clin. Inves- 
tigation 8:375, 1930. 

91. Barcroft, J.; Kramer, K., and Millikan, T. A.: 
J. Physiol. 90:28P, 1937. Barcroft, J., and Mason, 
M. F.: ibid. 93:32P, 1938. 
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HURTADO ET AL—ANOXEMIA 
newborn infants are larger and have a greater 
surface area than those of adults but the cor- 
puscular hemoglobin concentration is identical 
with that of adults “*—morphologic character- 
istics which are similar to those observed by us 
in subjects constantly exposed to a low barometric 
pressure. The average corpuscular volume of 
95 cubic microns found by Chuinard, Osgood 
and Ellis *® in a study of 195 newborn infants 
has a close similarity to the mean values of 
95.2 + 0.58 and 97.5 + 0.75 cubic microns ob- 
tained for the Indian residents of Oroya. (at 
3,740 meters [12,240 feet] of altitude) and 
Morococha (at 4,540 meters [14,900 feet] ) re- 
spectively. Wintrobe and Shumacker * have 
observed a high degree of macrocytosis asso- 
ciat-d with a low red cell count in the blood of 
ietu-es. The high bilirubin content of the plasma 
in ie newborn has been explained on the basis 
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associated with the chronic anoxemia of high 
altitudes. 

Several investigations recently reviewed by 
Killick °° have demonstrated the occurrence of 
polycythemia in human beings and animals with 
carbon monoxide anoxemia. The observations 
of Sayers, Yant, Levy and Fulton,*® who found 
increases in the red blood cells and hemoglobin 
of men who had repeated daily exposures to 
carbon monoxide (contained in automobile ex- 
haust gas), have a significance related to the 
polycythemia we have observed in men subject 
to the influence of intermittent periods of anox- 
emia at high altitudes. Some polycythemias 
produced experimentally in animals have been 
attributed to anoxic factors with a resulting 
stimulation of the erythropoietic activity. The 
polycythemia that follows the administration of 
cobalt, which is absolute in type,** seems to be 


Tai © 27.—Level of Polycythemia, Reticulocytosis and Bilirubinemia in Relation to the Degree and Constancy of 
the Anoxemia (Summary of the Observations Made on Different Groups of Male Subjects) 


Serum Bilirubin 


Hemo- Reticulo- - ~—-- 
‘ No.of Altitude Arterial O2 globin, cytes, Mg. per 100 Ce. Ratio 
Sub- Saturation, Gm. per per ——_—, D/T x 
Groups jects Meters Feet % 100 Ce. Cent Total Direct Indirect 100 
Mean + P. E. 
[. .\t sea level.......... 175 0 0 96.1+0.12 16.00+ 0.04 0.5+0.02 0724002 O87T+0.01 0354001 d14 
Il. “emporary anoxemia 
')2hours’exposure 15 2,390 7,920 91.0+0.57 16.22+0.16 0.5+0.05 045+0.038 03140.02 59.2 
))2hours’exposure 16 3,140 10,300 89.6 + 0.74 16.31 + 0.15 0.5 + 0.08 0.67 + 0.04 0.36 + 0.02 0.31 + 0.03 53.7 
c)2hours’ exposure 18 4,165 13,660 80.2+ 0.77 16.20 + 0.15 0.4 + 0.05 0.74 + 0.04 0.36 + 0.02 0.38 + 0.03 48.6 
d)2hours’ exposure 18 4,835 15,870 75.3+0.93 16.53 + 0.18 0.4 + 0.04 0.79 + 0.07 0.39 + 0.03 0.40 + 0.04 49.4 
|ntermittent anoxemia 
a) Infrequent expo- 
on MPO EEE ere 16.538 + 0.09 0.7 + 0.05 1.00 + 0.06 0.43 + 0.02 0.56 + 0.05 43.0 
(5) 18.07 + 0.28 0.8 + 0.11 1.16 + 0.15 0.40 + 0.03 0.76 + 0.15 34.5 
lV. Chronie anoxemia 
(a) Native residents 40 3,730 12,240 87.6+0.27 18.82 + 0.15 0.8 + 0.06 
b) Native residents 32 4,540 14,900 814+ 0.45 20.76 + 0.20 15+ 0.07 1.56 + 0.19 0.46 + 0.08 1.10 + 0.17 29.5 


* Flight personnel (see text). 
' Railroad personnel (see text). 


of a high degree of destruction of blood ** and of 
a decreased ability of the liver cells to excrete the 
pigment,®® factors which must be also taken into 
consideration to explain the hyperbilirubinemia 


92. (a2) Mugrage, E. R., and Andresen, M. I.: Values 
ior Red Blood Cells of Average Infants and Children, 
Am. J. Dis. Child. 51:775 (April) 1936. (b) Chuinard, 
E. G.; Osgood, E. E., and Ellis, D. M.:, Hematologic 
Standards for Healthy Newborn Infants: Erythrocyte 
Count, Hemoglobin Content, Cell Volume, Color Index, 
Volume Index and Saturation Index, Am. J. Dis. Child. 
62:1188 (Dec.) 1941. 

93. Wintrobe, M. M., and Shumacker, H. B.: J. 
Clin. Investigation 14:837, 1935. 

94. Gordon, M. B., and Kemelhor, M. C.: J. Pediat. 
2:685, 1933. Rolleston, H., and McKee, J. W.: Dis- 
eases of the Liver, London, The Macmillan Company, 
1929. Ehrenfest, H.: Causation of Intracranial Hem- 
orrhages in New-Born, Am. J. Dis. Child. 26:503 
(Dec.) 1923. 

95. Snelling, C. J.: J. Pediat. 2:399, 1933. Waugh, 
T. R.; Merchant, F. T., and Maughan, G. B.: Am. J. 
M. Sc. 199:9, 1940. 


related to an interference with cellular respira- 
tion."* The increases in the red cell count and 
hemoglobin produced by pressor drugs (epi- 
nephrine, ephedrine and amphetamine ) have been 
explained on the basis of an abnormally low 
supply of oxygen to the bone marrow caused by 
a decrease in blood flow.* 

The most important polycythemic process at sea 
level is undoubtedly polycythemia vera, or Vas- 
quez’ disease, characterized by a considerable in- 


96. Sayers, R. R.; Yant, W. P.; Levy, E., and 
Fulton, W. B.: Effect of Repeated Daily Exposure of 
Several Hours to Small Amounts of Automobile Ex- 
haust Gas, Public Health Bulletin 186, United States 
Treasury Department, Public Health Service, 1929 

97. Davis, J. E.: Proc. Soc. Exper. Biol. & Med. 
45:671, 1940. 

98. Davis, J. E.: J. Pharmacol. & Exper. Therap. 
70:408, 1940. Orten, J. M.: Detroit M. News (Educ. 
Issue) 32:42, 1941. 

99. Davis, J. E.: Am. J. Physiol. 133:258, 1941; 
134:219, 1941. 
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crease in the circulating blood volume. The cause 
of this disease is unknown, but among the various 
theories which have been advanced those related 
to the possible existence of an anoxic stimulating 
factor have a prominent place. All investi- 
gators 1° have reported normal values for the 
oxygen saturation of the arterial blood, but 
Harrop and Heath * found a reduction follow- 
ing exercise, which they attributed to a decreased 
permeability of the alveolar membrane for the 
passage of oxygen; to the anoxemia thus pro- 
duced a causative significance was attributed. 
Reznikoff, Foot and Bethea*®? have found in 
cases of this disease a marked thickening of. the 
capillaries and fibrosis of the arterioles in the 
bone marrow, changes which have led them to 
propose the theory that the erythremia may be 
due to a local oxygen deficiency in the erythro- 
poietic organs, with overcompensation of eryth- 
rogenesis. Hallock,’’* from observations related 
to the production of lactic acid during exercise, 
suggested that tissue anoxia may be an important 
causative factor of polycythemia vera. 

The increase in the circulating blood volume, 
due to a greater mass of red cells with a prac- 
tically unchanged or decreased plasma volume, 
is a characteristic common to the polycythemia 
observed at high altitudes and polycythemia 
vera. However, a comparative study of the re- 
sults obtained by several investigators *°* in the 
study of a total of 91 subjects (males) with 
the latter disease and our findings in 97 healthy 
residents and persons with silicosis at high alti- 
tudes reveals that the increase in blood volume 
is more pronounced and has a greater range of 
variation in the patients with polycythemia vera 
(chart 22). The mean value for all reviéwed 
cases of this disease was 154.1 + 2.73 cc. of blood 
per kilogram of body weight, with a standard 
deviation of 38.5 cc., while in the 97 of poly- 
cythemia at high altitudes the mean volume was 
120.6 + 1.72 with a standard deviation of 25.1 cc. 


100. Altschule, M. D.; Volk, M. C., and Henstell, 
H.: Am. J. M. Sc. 200:478, 1940. 

101. Harrop, G..A., and Heath, E. H.: 
Investigation 4:53, 1927. 

102. Reznikoff, P.; Foot, N. C., and Bethea, J. M.: 
Am. J. M. Sc. 189:753, 1935. 

103. Hallock, P.: Proc. Soc. Exper. Biol. & Med. 
38:587, 1938. 

104. Haden, R. L.: Am. J. M. Sc. 196:493, 1938. 
Sohval, A. R.: Hepatic Complications in Polycythae- 
mia Vera, with Particular Reference to Thrombosis of 
Hepatic and Portal Veins and Hepatic Cirrhosis, Arch. 
Int. Med. 62:925 (Dec.) 1938. Gibson, J. G.; Harris, 
A. W., and Swigert, V. W.: J. Clin. Investigation 
18:621, 1939. Meyer, O. O., and Thewlis, E. W.: 
J. Lab. & Clin. Med. 26:1137, 1941. Rountree and 
Brown.8¢4 Goldbloom and Libin.*%8 Hallock.¢* Alt- 
schule and others. 
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There are certain other comparative aspects 
which have interest from the point of view of 
the etiologic mechanisms responsible for the poly- 
cythemic processes in these two groups of cases. 
A statistical analysis of the data published by 
Rowntree and Brown, Brown and Giffin *° and 
Brown and Roth,!° which refer to observations 
made on a total of 62 male patients with poly- 
cythemia vera, gives mean values of 22.56 + 0.30 
Gm. of hemoglobin per hundred cubic centi- 
meters and 63.7 + 0.61 red cells per cent for the 
hematocrit value. According to our observa- 
tions, these mean values would correspond, ap- 
proximately, to those found in men living at an 
altitude of 5,300 meters (17,400 feet) with an 
arterial oxygen saturation of about 76.0 per cent. 


40 
@—e POLYCYTHEMIA AT HIGH ALTITUDES 


&--© POLYCYTHEMIA VERA 


25 | 


PER CENT OF CASES 
x 


TOTAL BLOOD VOLUME (cc PER KG) 


Chart 22.—Variations in blood volume (expressed in 
cubic centimeters per kilogram of body weight) in 97 
healthy and pathologic subjects studied at high altitudes 
(with arterial oxygen saturations ranging from 43.3 to 
90.2 per cent) and in 91 persons with polycythemia vera 
observed at sea level. The data corresponding to the 
latter disease have been collected from the literature.*” 


The size of the red blood cells has been found 
to be normal or moderately decreased in most 
cases of polycythemia vera,*® and microcytes are 
often observed 2%"; in the series of 62 cases to 
which we have just referred, the mean corpuscu- 
lar volume and hemoglobin concentration were 
found to be 92.2+ 0.94 cubic microns and 
36.4 + 0.24 per cent, respectively. These fig- 
ures are not unlike those found by us in poly- 
cythemia of high altitudes, but it appears that 
in the latter process there is a deviation toward 


105. Brown, G. E., and Giffin, H. Z.: Treatment of 
Polycythemia Vera (Erythremia) with Phenylhydra- 
zine, Arch. Int. Med. $38:321 (Sept.) 1926. 

106. Brown, G. E., and Roth, G. M.: J. Clin. In 
vestigation 6:159, 1928. 

107. Schalm, L.: Folia haemat. 63:34, 1939. Win- 
trobe.?° 
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a slight macrocytosis which is not observed in 
polycythemia vera. Nucleated red cells in the 
peripheral blood are not infrequently noted in 
this disease,’°* a finding not verified by us in the 
case Of any subject studied at high altitudes, 
regardléss of the degree of anoxemia and the 
level of polycythemia. The increase in the serum 
bilirubin seems to be more intense and frequent 
in polycythemia of high altitudes, as may be 
judged from the comparison of our data with 
those contained in recent monographs on poly- 
cythemia vera.*® 
\nother distinction, which is probably the most 
important and of fundamental significance, re- 
lates to the great frequency of leukocytosis and 
leukemia, with appearance of immature white 
cell; in the peripheral blood, in cases of poly- 
cythemia vera; this characteristic has been em- 
phesized by all writers. With the exception of 
a nioderate and temporary leukocytosis which is 
observed at times during the early period of 
exposure to a low barometric pressure and 
proably is due to factors of mobilization and re- 
lease, there is no disturbance of the leukoblastic 
activity in the polycythemia of high altitudes, no 
matter how intense and constant are the anoxic 
stinulus and the degree of erythropoietic re- 
spose. Finally, an important clinical distinction 
is ‘ie absence of splenomegaly in healthy and 
in (iseased polycythemic subjects living at high 
alti: des, in contrast with its frequency in persons 
wit!) polycythemia vera; according to a recent 
study 7° the increased size of the spleen was 
clinically verified in about 66 per cent of 163 
cascs of the latter disease. A somewhat closer 
similarity with the polycythemia of healthy per- 
sons living at high altitudes is found in the so- 
called familial polycythemia, in which the increase 
in the total cell volume is associated with an 
unchanged or moderately decreased plasma 
volume, normal morphologic characteristics of 
the red cells and absence of leukocytosis and 
changes in the leukocytic differential count.?*° 
The small number of persons with this disease 
studied and the lack of observations concerning 
the degree of arterial oxygen saturation prevent, 
however, an adequate comparative study. 


COMMENT 


Attention has been called by many investigators 
to the wide individual variations observed in the 
hematologic response to the anoxemia associated 
with exposure to a low pressure environment. 


108. Minot, G. R., and Buckman, T. E.: Am. J. 
M. Sc. 166:469, 1923. Harrop and Wintrobe.®? 

109. Tinney, W. S.; Hall, B. E., and Giffin, H. Z.: 
Proc. Staff Meet., Mayo Clin 18:46, 1943. 

110. Nadler, S. B., and Cohn, I.: Am. J. M. Sc. 
198:41, 1939, 
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This characteristic has also been noted in the 
present study; however, an analysis of the col- 
lected data indicates that in general the level of 
polycythemia, together with the signs of erythro- 
poietic hyperactivity and increased amounts of 
serum bilirubin, are related to the degree, dur- 
ation and continuity of the anoxic stimulus and 
that the variability affects chiefly the early phase 
of the response (table 27). When the period 
of anoxemia is short, of a few hours’ duration, the 
increase in red blood cells and hemoglobin is not 
a constant phenomenon and, when it occurs, 
shows the individual variations which have been 
repeatedly emphasized. On the other hand, when 
the anoxemia is permanent, there is found in a 
large majority of cases of polycythemia the level 
of which is closely related to the degree of anoxic 
stimulus. Intermittent exposure to anoxemia 
occupies an intermediate position from the point 
of view of the hematologic response; the occur- 
rence of polycythemia and its level, though there 
are large variations in the latter, are also broadly 
related to the frequency and intensity of the 
anoxic stimulus. 

It appears that in the presence of an anoxic 
condition the release of stored red blood cells is 
a labile and variable emergency mechanism of 
adaptation; the late response, based on an in- 
creased production of cells by a hyperactive bone 
marrow, is a more constant adaptative process. 
Many of the apparently contradictory results 
obtained in hematologic studies made at high 
altitudes and in low pressure chambers seem to 
be related to different experimental conditions in 
regard to the duration of the exposure and the 
level of altitude, or simulated altitude, reached. 

The more or less definite inverse relationship 
which exists between the level of polycythemia 
and the degree of arterial oxygen saturation in 
dwellers at high altitudes, corroborates the 
opinion advanced by Bert,’ Viault* and 
Miescher *** in the latter part of the last century, 
and accepted by most investigators, that the 
deficient oxygen supply to the bone marrow is 
the main stimulus for the increased production of 
red blood cells and hemoglobin. The fact that at 
the same altitude the polycythemia is more pro- 
nounced in men with a higher degree of arterial 
oxygen unsaturation (as in the subjects with 
silicosis studied by us) indicates that environ- 
mental factors, such as increased solar radiation, 
do not play a fundamental role in the causative 
mechanism of the hematic response as was sug- 
gested by Kestner.*?2 While it has been gen- 
erally accepted that at high altitudes and in other 
similar conditions the low tension of the oxygen 


111. Miescher, F.: Cor.-Bl. f. schweiz. Aertze 23: 
809, 1893. 


112. Kestner, O.: Ztschr. f. Biol. 73:1, 1921. 
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physically dissolved in the plasma constitutes the 
immediate stimulus for the erythropoietic hyper- 
activity, the relative importance of other factors, 
such as the percentage of hemoglobin saturation 
and the absolute concentrations of reduced and 
oxygenated hemoglobin, remain yet to be 
adequately understood ; in anemic anoxia, clinical 
or experimentally produced, in which the blood 
oxygen tension is normal, a relationship has been 
noted to exist between the degree of erythropoietic 
hyperactivity and the level of anemia.“* There 
seems to be a limit for the anoxic factor in the 
stimulation of the erythropoietic activity; when 
the arterial oxygen saturation reaches a value of 
about 60 to 70 per cent, there is a decrease, rather 
than a further increase, in the hemoglobin and red 
cell count. This suggests that the hematologic 
compensatory adjustment ceases to be effective at 
a degree of anoxemia which corresponds, roughly, 
to an altitude of 6,000 meters, or 20,000 feet ; 
above this level the proportion of reduced over 
oxygenated hemoglobin increases rapidly. This 
limit in the polycythemic response does not appear 
to be related to an anatomic limitation of the 
erythropoietic organs, because no plateau, or flat- 
tening, is observed in the curve representing the 
level of polycythemia with increasing degrees of 
anoxemia. It may be associated with a higher rate 
of destruction of cells, as has been suggested by 
Talbott °°; the accentuation of reticulocytosis, 
which has been observed to occur with a high de- 
gree of anoxemia would favor this interpretation, 
hut on the other hand this is not accompanied 
with an increased accumulation of bilirubin in the 
plasma. According to our observations, an in- 
creasing degree of anoxemia has a tendency to 
lower the hemoglobin concentration of the circu- 
lating erythrocytes; this fact makes it scem 
possible that an interference with the production 
of hemoglobin rather than with the building of 
the erythrocytic stroma is responsible for the lack 
of an appropriate polycythemic response to severe 
degrees of anoxemia. 

From the observations made in men constantly 
exposed to a Jow barometric pressure it appears 
that the level of hemoglobin in the circulating 
blood can be regarded as one of the many factors 
which tend to preserve the internal stability, 
or homeostasis, as it has been called by Can- 
non,?"* against the disturbing influence of a low 
oxygen tension in the inspired air; it increases, 
up to a certain limit, in relation to the degree 
of disturbance in the external environment and 


113. Robscheit-Robbins, F. S., and Whipple, G. H.: Am. 
J. Physiol. 134:263, 1941. Hurtado, Pons and Merino.?* 

114. Cannon, W. B.: Physiological Regulation of 
Normal States: Some Tentative Postulates Concerning 
Biological Homeostatics, in Jubilee Volume for Charles 
Richet, Paris, 1926, p. 91. 


decreases when normal conditions are restored. 
It is interesting to observe that chronic anoxemia, 
even when present since birth, does not modiiy 
permanently the activity of the erythropoietic 
organs. When the native of high altitudes comes 
down to sea level his blood acquires, after a 
certain time, the same morphologic character- 
istics as those found in persons who were born 
and have lived at sea level. This fact eliminates 
the possibility that racial factors play a part in 
the development of polycythemia at high alti- 
tudes. The frequent moderate reduction in red 
blood cells and hemoglobin which has_ been 
observed in men born at high altitudes during 
their first few months of residency at sea level 
may be related to an adaptative period on thie 
part of the bone marrow to the disappearance 
of the potent anoxic stimulus present at high 
altitudes. These findings are not unlike those 
of Gordon and Kleinberg,?*® who observed in 
animals a moderate process of anemia after cessa- 
tion of exposure to a low pressure in a chamber. 

The polycythemia of high altitudes, which 1as 
been classified as an erythrocytosis, is, accord- 
ing to this and previous studies, absolute in type. 
An increase in the circulating blood volume, «ue 
to a larger cell mass with an unchanged or 
decreased plasma volume, has been observed in 
persons who have just arrived at high altitu:les 
and in healthy and in diseased human beings «nd 
animals living permanently in such environment. 
The increase tends to be proportional to the level 
of altitude and the degree of anoxemia, often 
reaching high values. It appears that there must 
be a modification of the following concept, «d- 
vanced about fifteen years ago **¢ and still found 
in the literature: “Increases in blood volume 
to 115 or 120 cubic centimeters for each kilogram 
of body weight, rarely or never occur as re- 
sponses of the blood to lowered oxygen tension.” 
A slight macrocytosis is another characteristic of 
the polycythemia related to a constant exposure 
to a low barometric pressure. The increased 
size of the red blood cells may be due, in part. 
to the erythropoietic hyperactivity **° and to the 
presence of an excess of reticulocytes, cells 
which have been found to have a large volume.’ 
Whether this morphologic variation, which in- 
cludes a greater corpuscular surface area, repre- 
sents a compensatory adjustment on the part 
of the circulating respiratory unit for the acquisi- 
tion and transport of the oxygen is an interesting 
possibility. The stimulating influence of the 
anoxemia caused by a low oxygen tension if 


115. Gordon, A. S., and Kleinberg, W.: Proc. Soc. 
Exper. Biol. & Med. 37:507, 1937. 
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the inspired air is restricted to the processes 
concerned with the production of red blood cells 
and hemoglobin. Leukogenetic activity remains 
undisturbed even in persons who have a high 
level of polycythemia and a severe degree of 
anoxemia. Only during the early period of 
exposure to a low barometric pressure is ob- 
served, occasionally and with more frequency 
at the higher altitudes, a moderate and temporary 
leukocytosis, probably related to factors of 
mobilization and release. The tendency for an 
inversion in the leukocytic formula, with a rela- 
tive increase in the lymphocytes and a propor- 
tional reduction in the other cells, observed in 
dw:llers at high altitudes, even at relatively low 
ele ations, has been ascribed to the action of a 
more intense solar radiation.*'* 

he polycythemia which occurs under the 
inf .ence of a temporary anoxemia, such as the 
on observed on persons’ arrival at high altitudes, 
sec us to be in most cases the combined result 
of elease or mobilization of stored blood and a 
process of hemoconcentration. The compara- 
tiv. study of the values for blood volume deter- 
mi ed for the same subject within the first two 
ho rs after his arrival at high altitudes and a 
je. days previously is open to criticism on 
acc unt of the possible- physiologic variations 
w! ch might have taken place during the interval, 
bu: the constancy of the results obtained suggests, 
ho, ever, that the mechanisms mentioned play 
a art in the observed polycythemia. The 
existence of reserves of blood in man, almost 
universally accepted -since the classic experi- 
meiital work of Barcroft*?® and others on the 
rolv of the spleen, has been recently denied by 
Ebert and Stead,’*° who investigated the hematic 
response to exercise, epinephrine and hemor- 
thage, employing the blood volume method of 
Gibson and Evans.’®> But the observations of 
Kaltreider, Meneely and Allen *** on the effect 
of epinephrine on the volume of blood and those 
of Glickman and others '*? concerning the effect 
of hot environmental conditions, made by the 
same dye method, and the recent studies of Wat- 
son and Paine,’** who analyzed the blood ob- 
tained directly from the splenic vein after the 
injection of epinephrine into the splenic artery, 
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give fairly good evidence that reserves of blood 
do exist in the body. 

The polycythemia of chronic anoxemia corre- 
sponds to an.increased erythropoietic activity, 
as evidenced by the excess of reticulocytes found 
in the peripheral blood. This reticulocytosis, 
which is more pronounced the higher the altitude 
and the degree of anoxemia, cannot be explained 
simply on the basis of a greater number of red 
blood cells per cubic millimeter ; it is a qualita- 
tive as well as a quantitative process, and of a 
given number of erythrocytes expelled by the 
bone marrow a higher proportion are immature 
at high altitudes than at sea level. The absence 
of nucleated red cells in the peripheral blood 
suggests that the increased erythropoietic activity 
proceeds in a somewhat orderly fashion. 

A definite elevation of the serum bilirubin, 
due almost entirely to an increase in the indi- 
rect fraction, is another fairly constant finding 
in men exposed frequently or permanently to 
a low barometric pressure. There are wide indi- 
vidual variations, but in general the increase in 
the pigment is directly proportional to the level 
of polycythemia (table 27), which suggests that 
a greater rate of cellular destruction, which 
corresponds, in turn, to an increased rate of for- 
mation, is an important factor in the mechanism 
causing the hyperbilirubinemia. Whether the 


* normal liver cells should be able to excrete all 


the pigment, regardless of its rate and amount 
of formation, is still an unsettled question among 
students of hepatic physiology. There are other 
factors present at high altitudes which may de- 
crease the efficiency of this organ in.its excre- 
tory function. The well known investigations 
of Rich,’** who observed that rats placed in low 
oxygen tension chambers showed a diminished 
ability to excrete intravenously injected bilirubin 
and had degenerative changes in the liver cells, 
and the similar findings of Campbell,’?° in re- 
gard to organic changes that developed in other 
animals placed under similar experimental con- 
ditions, suggest that anoxemia per se when pro- 
longed or constantly present may be an impor- 
tant factor in causing hepatic insufficiency from 
the point of view of excretion of pigment. Our 
findings of a proportional relationship between 
(1) the level of hyperbilirubinemia and the degree 
and duration of the anoxemia and (2) the ab- 
normal retention of injected bilirubin in native 
residents of high altitudes are in favor of that 
possibility. The increase in the circulating blood 
volume, a characteristic of the polycythemia of 
high altitudes, may play an additional role in the 


124. Rich, A. R.: Bull. Johns Hopkins Hosp. 47: 
338, 1930. 
125. Campbell, J. A.: Lancet 2:84, 1928. 


ia, 
ify 
tic 
1es 

a 
er- 
mm 
tes 

in 
‘ed 
en 
ng 
\ el 

he 
ice 
gh 
se 

in 
sa- 
er. 
ias 
‘d- 
De. 

ue 

or 

in 
ict 
nd 
nt. 
vel 
en 
ist 
id- 
nd 
ne 
um 
re- 

of 
ire 
ed 
he 
‘IIs 
117 
in- = 
re- 
art 
si- 
ng 
the 

in 
0c. 


322 ARCHIVES OF INTERNAL~ MEDICINE 


etiologic mechanism of the hyperbilirubinemia, 
according to recent studies made in cases of 
polycythemia vera by Tinney, Hall and Giffin ; *°° 
these investigators found hepatic complications 
in 25 per cent of 163 cases of the latter disease, 
and suggested that these may be due to several 
factors, among which they mentioned distention 
of the portal circulation in the liver, stasis caused 
by increased viscosity of the blood and impair- 
ment of the nutrition of the hepatic cells as a 
result of the circulatory alterations. Urteaga *** 
has suggested that a raised threshold of the 
hepatic cells for excretion of bilirubin may be 
present at high altitudes. Further studies are 
necessary for the final elucidation of the prob- 
lem, but it appears likely at the present time 
that the hyperbilirubinemia present in most 
persons exposed frequently or constantly to a 
high altitude is the combined effect of several 
factors, among which an increased rate of pig- 
ment formation and a decreased power of the 
hepatic cells to excrete pigment, due to the 
anoxemia, are probably the most important. 
Another aspect, related to the possible increased 
rate of cellular destruction present at high alti- 
tudes, is the possibility that the products derived 
‘from the red cell disintegration will serve as an 
additional stimulus for increased formation, as 
has been observed experimentally.*** If so, 


the person subjected to the influence of chronic ’ 


anoxemia would be placed in a sort of a vicious 
circle in regard to erythropoietic activity. 

The effectiveness which the polycythemia of 
high altitudes has as a compensatory process is 
still a debated question. There is abundant 
evidence to show that the development of symp- 
toms associated with exposure to a condition of 
temporary anoxemia and the degree of acclima- 
tization found in men living permanently at high 
altitudes cannot be strictly rated in terms of 
polycythemic levels. The understanding of these 
aspects becomes clearer if one realizes that the 
essential problem at high altitudes is not limited 
to the amount of oxygen carried in the blood; 
as a matter of fact, as it was originally pointed 
out by Barcroft and others,* the resident at a 
high altitude has in his arterial blood a higher 
oxygen content than the person living at sea 
level. The chief difficulty lies in the reduced 
tension of the small fraction of gas physically 
dissolved in the plasma, which represents the 
immediate source of supply to the tissues; a high 
hemoglobin concentration with a high oxygen 
content in the circulating blood, although de- 
creasing, in part, the effects of the reduced 


126. Ureenga, O.: An. Fac. de med., Lima 25:89, 
J. Path. 


1942. 
127. Boycott, A. E., and Oakley, C. L.: 
& Bact. 36:205, 1933. 


tension, is not, in consequence, incompatible with 
all the limitations which an exposure to a low 
barometric pressure brings to the body. A sig- 
nificant observation has been recently made by 
Dorrance and others ; these investigators 
observed that the polycythemia caused by the 
administration of cobalt to rats increased the 
work performance of these animals under con- 
ditions of anoxia. The resident of high altitudes 
has been almost exclusively studied at rest; his 
capacity for graded physical activity and the 
relative importance of his various organic and 
functional characteristics in the adaptation to the 
increased demands of work are practically un- 
known. 

Further studies concerning muscle hemo- 
globin, which has been found to be increased in 
dogs living at high altitudes ‘°° but has not yet 
been investigated in human beings, will be of 
considerable interest from the point of view of 
acclimatization. Owing to its peculiar charac- 
teristics in regard to the affinity and combination 
with oxygen,’*° this substance may play an im- 
portant role in compensatory adjustment to a 
deficient oxygen supply, as has been already sug- 
gested.*** 

The study of the hematologic observations 
made by several investigators at sea level on 
persons with some degree of arterial oxygen 
unsaturation due to pulmonary disease shows 
that the polycythemic response in them was less 
constant and in general less pronounced than 
that observed by us in men living at high alti- 
tudes with a similar degree of anoxemia, except 
in cases of Ayerza’s disease. No adequate 
explanation can be given at the present time for 
this difference. The lack of polycythemia is 
especially frequent in cases of pulmonary em- 
physema, in spite of the almost constant anoxentia 
present in this disease. “It suggests that, in ad- 
dition to the fundamental anoxic stimulus, soime 
other factors, perhaps associated with the nature 
of the pulmonary lesions, circulatory abnormali- 
ties, reflex mechanism, etc. may play some sec- 
ondary role in bringing on the erythropoietic 
hyperactivity. It is interesting in this respect 
that the persons with Ayerza’s disease, in whom 
the associated polycythemia usually reaches high 
values, have clinical and hematologic character- 
istics (appearance of the roentgenograms of the 
lungs, abnormal lowering of the arterial oxygen 


. 128. Dorrance, S. S.; Thorn, G. W.; Clinton, M.; 
Edmonds, H. W., and Farber, S.: Am. J. Physiol. 
139:399, 1943. 

129. Hurtado, A.; Rotta, A.; Merino, C., and Pons, 
J: Am. J. M. Sc. 194:708, 1937. 

130. Millikan, G. A.: J. Physiol. 87:38P, 1936. 

131. Hill, R.: Proc. Roy. Soc., London,.s.B 120: 
472, 1936. 
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HURTADO ET AL—ANOXEMIA 


saturation, right-sided heart failure, etc.) similar 
to those of patients with chronic mountain sick- 
ness, who at high altitudes show an abnormal 
accentuation of the polycythemia.” 

An increase in the circulating blood volume is 
a common finding in the polycythemia of high 
altitudes and in polycythemia vera, but a com- 
parative study of these processes raises a strong 
argument against the acceptance of the theory 
that an anoxic stimulus plays a significant role 
in the development of the latter disease. The 
increase in the red cell volume tends to be greater 
in polycythemia vera, which also lacks the pro- 
portional relationship between the level of 
polycythemia and the signs of increased red cell 
formation and destruction observed in men 
exposed constantly to a low oxygen tension. The 
absence of nucleated red cells in the peripheral 
blood (a not infrequent finding in polycythemia 
vera) at high altitudes, regardless of the degree 
of anoxemia and the level of polycythemia, and, 
i ‘undamental importance, the lack of disturb- 
ance in the leukogenetic activity indicates that 
the hematologic response to anoxia does not show 
a (isorder of the entire hemopoietic system, such 
as occurs often in polycythemia vera. An appar- 
ent.y greater similarity, from the point of view of 
the increase in the circulating blood volume, is 
found between this disease and chronic mountain 
sic.ness, but the fundamental differences, in the 
characteristics of the bone marrow activity and 
the involvement of the leukocytes are also evident 
in these processes. In addition, there is some 
evidence that .the hematologic alterations in 
chronic mountain sickness are related to pul- 


monary factors not present in polycythemia 
75 


( 


vera 
SUMMARY AND CONCLUSIONS 

Investigations have been made, at sea level 
and at high altitudes, in several series of healthy 
and diseased male subjects, concerning the in- 
fluence of temporary, intermittent and chronic 
anoxic anoxia (anoxemia) on the morphologic 
and other characteristics of the circulating blood. 
The related literature has been briefly reviewed. 
The main observations lead to the following 
conclusions : 

1. Exposure to a low barometric pressure 
environment causes in most cases a polycythemic 
response. There are wide individual variations, 
but in general the level of polycythemia is directly 
proportional to the degree, duration and con- 
tinuity of the anoxic stimulus. 

2. There seems to be a limit for the hema- 
tologic response to the anoxic stimulus. When 
this is extremely severe, a decrease, rather than a 
further increase, is observed in the resulting 
polycythemia. An interference with the forma- 


AND HEMOPOIETIC ACTIVITY 


tion of hemoglobin may be the responsible mecha- 
nism. 


3. The level of hemoglobin in the circulating 
blood may be considered as one of the many fac- 
tors which tend to preserve the internal stability, 
or homeostasis, against the disturbing influence 
of a constant lowering of the oxygen tension in 
the inspired air. 


4. The polycythemia associated with the 
anoxemia of high altitudes is absolute in type. 
The elevation in the total blood volume, which at 
times reaches high values, is due to an increased 
red cell volume. 


5. The polycythemia observed on persons’ 
arrival at high altitudes seems to be due to factors 
of release of stored blood and hemoconcentration ; 
that corresponding to a repeated or constant 
exposure to a low pressure environment is related 
to an erythropoietic hyperactivity. 

6. The polycythemia associated with a con- 
stant or intermittent anoxemia tends to show a 
proportional elevation in the circulating reticulo- 
cytes and in the serum bilirubin. The latter char- 
acteristic suggests that an increased rate of cellu- 
lar destruction parallels the increased formation. 
but other factors, such as insufficiency of the liver 
in excretion of pigment, due to the anoxic con- 
dition, may also play an etiologic role in the 
observed hyperbilirubinemia. 


7. The stimulating influence of anoxemia on the 
hemopoietic system is restricted to the forma- 
tion of red blood cells and hemoglobin. Leuko- 
poietic activity is not affected, and the moderate 
and temporary leukocytosis which at times is ob- 
served on a person’s arrival at a high altitude 
is probably reiated to the release and mobilization 
of stored blood. 


8. Chronic anoxemia does not modify the 
erythropoietic activity permanently. When a 
person who has lived since birth at high altitudes 
is brought down to sea level, he shows after some 
time blood characteristics similar to those found 
in persons who have always lived under the latter 
environmental conditions. During the early 
period of adaptation to the normal pressure en- 
vironment there frequently occurs an abnormal 
decrease in the red blood cells and hemoglobin. 


9. Comparative study of the polycythemia of 
high altitudes and the polycythemic processes 
observed at sea level indicates that: (a) in cases 
of anoxemia at sea level due to pulmonary 
changes, the polycythemic response tends to be 
less than with corresponding degrees of arterial 
oxygen unsaturation at high altitudes, except in 
cases of Ayerza’s disease; (b) it is not likely that 
the causative mechanism of polycythemia vera is 
related to the existence of an anoxic stimulus. 
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EFFECTS OF SOME LIVER EXTRACTS ON THE 
CARBOHYDRATE METABOLISM 
HENRY B. SOKAL, M.D. 
BROOKLYN 


The nineteen-twenties will go down in medical 
history as the decade of two great therapeutic 
discoveries. Barely four vears had elapsed since 
Banting’s epochal discovery of insulin when 
Minot and Murphy startled the world by their 
announcement of the effect of liver on the course 
of pernicious anemia. The groundwork for this 
discovery was laid earlier by the studies of 
Whipple and his associates* on the effect of 
a diet rich in red meat and liver on erythro- 
cytopoietic activity in dogs with experimentally 
produced anemia. 

The next important step in the progress of liver 
therapy was the preparation of an active liver 
extract which could be administered either by 
mouth or parenterally. This overcame the ob- 
jections of many patients to the monotony of 
a daily diet including liver. 

With the value of liver therapy firmly estab- 
lished, two questions occupied the minds of 
investigators: 1. What is the nature of the anti- 
anemia principle present in the liver? 2. What 
side effects, if any, do liver or liver preparations 
have on other functions of the body? This paper 
is concerned only with the second question. 

That liver and liver extract influenced the 
carbohydrate metabolism was claimed long be- 
fore the discovery of insulin and the introduction 
of liver as a specific treatment for pernicious 
anemia. At the end of the nineteenth century 
French clinicians advocated the use of liver and 
of liver extracts in the treatment of diabetes 
mellitus. The results, however, were not uni- 
form. Sometimes the administration of liver 
or of liver extract was followed by a remarkable 
improvement. The glycostiria seemed to be 
diminishing or disappeared entirely, and the pa- 
tient felt better. At other times liver had no 
effect on the course of the disease ; on the con- 
trary, the diabetic symptoms increased in sever- 
ity, with a corresponding increase in ba urinary 
concentration of dextrose. 


1. Minot, G. R., and Murphy, W. P.: Treatment 
of Pernicious Anemia by Special Diet, J. A. M. A. 
87:470 (Aug. 14) 1926. 

2. Whipple, G. H., and Robscheit-Robbins, 
Am. J. Physiol. 72:408, 1925. 


F, S.: 


To explain these divergent results obtained 
with liver therapy Gilbert and Carnot * assumed 
that a diabetic patient might suffer from either 
hyperfunction or hypofunction of the liver. Thus, 
they reasoned, a person with diabetes and a hypo- 
functioning liver will ultimately benefit from the 
liver diet, while a patient with a hyperfunction- 
ing liver will get worse. In their conclusion 
they went one step further, advocating the use of 
a liver diet as a test of the functional activity 
of the liver in the diabetic person. Other French 
clinicians published similar reports on the efiect 
of liver in diabetes. Even as late as 1°21, 
attempts were still being made to treat diahctes 
with liver extract. In that year Levin,* in an 
article entitled “My Observations With Hepatic 
Extract As a Remedial Agent,” related the 
good results he obtained with a specially pre- 
pared soluble liver extract in 4 diabetic patients. 
With the introduction of insulin as a standard 
treatment of diabetes these experiments were 
abandoned. 

The publication of an article by Blotner and 
Murphy in which they claimed for liver an 
insulin-like action on the blood sugar concen- 
tration both in diabetic and in nondiabetic per- 
sons brought the whole question of the effect of 
liver on the carbohydrate metabolism back into 
the limelight. In a second paper® they de- 
scribed the results obtained from the administra- 
tion of a specially prepared liver extract in 19 
diabetic patients. Their conclusions were similar 
to those already reported, namely, that their liver 
extract contained a sugar-reducing substance, 
which was active when taken by mouth, was 
nontoxic and had an effect on the blood sugar 
concentration similar to that obtained with small 
doses of insulin. A similar report was published 
by Lombardi.*?. On the other hand, Brett and 


3. Gilbert and Carnot: Gaz. d. hop. 73:995, 1900. 

4. Levin, A. L.: South. M. J. 15:175, 1922. 

5. Blotner, H., and Murphy, W. P.: Effect of Liver 
on Sugar Level, J. A. M. A. 92:1332 (April 20) 
1929. 

6. Blotner, H., and Murphy, W. P.: Effect of 
Certain Liver Extracts on Blood Sugar. of Diabetic 
Patients, J. A. M. A. 94:1811 (June 7) 1930. 

7. Lombardi, E.: Riforma med. 46:7, 1930. 
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his associates,* working with a liver extract care- 
fully prepared according to the recommendations 
of Blotner and Murphy, not only failed to sub- 
stantiate these claims but, on the contrary, 
noticed a slight rise in the blood sugar con- 
centration following the administration of the 
liver extract. 

An interesting report on the comparative 
efiects of liver and of liver extract in pernicious 
anemia and diabetes, in one of those rare cases in 
which the patient suffered from both diseases, 
was made by Bowen. Bowen’s patient, a man 
55 vears old, was found to have pernicious 
ancimia in 1928. He was then treated with raw 
liver and liver extract. In March 1929 he be- 
ga) to show symptoms of diabetes. He was 
therefore given insulin for the diabetes in addi- 
tion to whole liver for the anemia. During this 
period the amount of insulin had to be reduced 
on account of the ensuing hypoglycemia. At this 
stave liver extract was substituted for whole 
liver. During the latter period the amount of 
insulin had to be doubled to control the diabetic 
state. In this case, judging from the clinical 
progress of the patient, the liver extract did not 
lower the blood sugar concentration ; on the con- 
trary, the amount of insulin had to be doubled 
to control the diabetes. 

in connection with the question of the effect 
of liver extract on the carbohydrate metabolism, 
Gensslen’s #® report seems to throw some light 
on the probable mode of action of some liver 
extracts. He gave normal rabbits injections of 
a potent liver extract and found that after in- 
jection of 0.5 cc. of the extract daily for several 
days the animal’s hepatic glycogen, which nor- 
mally ranges between 4 and 6 per cent, practically 
disappeared. From this experiment it would 
appear that this liver extract had a glycogeno- 
lytic effect on the hepatic glycogen. 

Buttner ‘* conducted similar experiments with 
a protein-free liver extract. Seven out of 9 pa- 
tients who were given injections of 2 cc. of this 
extract showed increases in the blood sugar 
averaging 33 per cent, the maximum increase 
running as high as 60 per cent. Similar results 
were obtained by the same author in experiments 
with normal rabbits. To exclude the influence 
of the adrenal glands he repeated these experi- 
ments with adrenalectomized and morphine- 


8. Brett, P.; Broom, W. A., and Howitt, F. O.: 
Lancet 1: 20, 1931. 

9. Bowen, B. D.: Comparative Effect of Liver and 
Liver Extract on Diabetes in Case of Combined 
Pernicious Anemia and Diabetes, J. A. M. A. 95:30 
(July 5) 1930. 

10. Gensslen, M.: Klin. Wehnschr. 9:2099, 1930. 

ll. Buttner, H. E.: Klin. Wehnschr. 11:1218, 1932. 


poisoned animaJs. The results, however, re- 


mained the same. 

My own experience with the effect of liver 
extracts on the carbohydrate metabolism goes 
back to the years 1932 and 1933. During this 
period 17 patients, all suffering from pernicious 
anemia, were treated by me with liver extract '* 
for various lengths of time. The routine treat- 
ment consisted of intramuscular injections of 
liver extract given twice weekly. The extract 
was intended for parenteral administration and 
was delivered in individual ampules containing 
about 5 cc. of the extract. I used two fractions 
of the extract; they were labeled extract fraction 
A and extract fraction B. To test the potency 
of these fractions the patients were divided into 
two groups. One group received regularly the 
fraction A extract, while the other group was 
treated with the fraction B extract. The hema- 
tologic response to both extracts was good. 


REPORT OF CASES 


Case 1.—A woman in her late fifties who was treated 
with the fraction B extract soon began to complain of a 
severe itching in the vulva. A determination of the 
fasting blood sugar and an examination of the urine 
were therefore made. The urine gave a positive reac- 
tion for sugar with Benedict’s reagent, and the blood 
sugar was reported to be at 150 mg. per hundred cubic 
centimeters. A month later another determination of the 
blood sugar was made. This time the value rose to 
190 mg. The patient was then referred to the clinic for 
diabetic patients, and the antianemia treatment with the 
extract was continued. Six weeks later-the blood sugar 
was found to have reached a _ concentration of 
240 mg. per hundred cubic centimeters. Since 
the coexistence of diabetes and pernicious anemia 
was always regarded as extremely rare, this case 
aroused my interest. In investigating the case it was 
important to establish whether the diabetes preceded the 
anemia or developed after it. This could easily be 
established since the patient had been referred to the 
clinic from the ward. The hospital record showed that 
about six months previously the blood sugar was 90 mg. 
per hundred cubic centimeters and the urine was normal. 

The assumption that the liver extract might in some 
way be connected with the development of the diabetes, 
especially after consideration of the steady and rapid 
rise in the blood sugar concentration, could not easily 
be dismissed. To make sure that this was not a mere 
coincidence, I examined the urine and the blood of 
several other patients who had been treated with the 
same extract. The results of these examinations con- 
firmed my suspicions. All had hyperglycemia and 
glycosuria. 

Case 2—M. C., a man about 60 years old, had 
suffered from pernicious anemia for some years. On a 
recent admission to the hospital his blood sugar was 
found to be 110 mg. per hundred cubic centimeters and 
his urine was free of sugar. After four weeks of treat- 
ment with the fraction B extract, his blood sugar was 
140 mg. per hundred cubic centimeters and his urine 


gave a positive reaction for sugar with Benedict’s 


12. The extract was supplied by the Wilson Labora- 
tories, Chicago; 1 Gm. of the extract represented 25 
Gm. of fresh liver. 
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reagent. Four weeks later the blood contained 190 mg. 
of dextrose per hundred cubic centimeters. Six weeks 
later, with the patient still under treatment with frac- 
tion B extract, the blood sugar reached a level of 
240 mg. Several weeks later it rose to 320 mg. 

Case 3.—Another patient in this group, E. S., a man, 
whose blood sugar had been found to be normal about 
a year previously, had values ranging between 190 and 
300 mg. per hundred cubic centimeters of blood after 
several months of treatment with the fraction B extract. 


COMMENT 


The remaining 5 patients of this group re- 
acted in the same way to the administration of 


Fasting Blood Sugar Values and Urinary Reactions of 
Seventeen Patients with Pernicious Anemia 
Treated with An Injectable Liver 
Extract, Fraction A or B 


Fasting Blood Sugar, 
Mg. per 100 Ce. of Blood 


r 


Before During 
Liver Liver 
Treat- Treat 
No. Name Sex ment ment Urine 
1 M. C. M 110 140-320 Glycosuria 
2 E. S. M ? 180-300 Glyecosuria 
3 N.A. F 150-240 Glycosuria 
4 R. S. F 190 Glyeosuria 
5 Oo. R. F 90 190 Glycosuria 
6 M. R. F 140-160 Glycosuria 
7 R. K. F 140-160 Glycosuria 
8 N. G. M 140-160 Glycosuria 
9 A. N. M 120 150 No sugar 
10 Ss. W. M 100 150 No sugar 
ll P. F 95 140 No sugar 
12 H. H. F 100 90 No sugar 
13 H. D. M 120 140 No sugar 
14 M. T. F 100 105 No sugar 
15 M.D. M 90 No sugar 
16 H. G. M 105 No sugar 
17 C.S. F 120 No sugar 


the extract. All had dextrose in the urine and 
hyperglycemia in some degree. In several in- 
stances I was able to determine the blood sugar 
concentration just before the treatment with this 
extract was started. I found that after six to 
eight injections of liver extract fraction B all 
patients had a 40 to 50 per cent rise in the blood 
sugar concentration, and 1 patient had glyco- 
suria. 

Further observation of these patients could 
not be made by me because of my resignation 
from the clinic. However, the attending phy- 
sician, who is still in charge of the clinic, was 
kind enough to give ine some later information 
about these patients. In a letter addressed to 
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me in 1942 he wrote: “Some of the cases you 
worked on have been established definitely now 
as instances of diabetes, and the hyperglycemia 
may not necessarily have developed as a result 
of the liver extract.” 

Personally, I haye no doubt that the liver ex- 
tract was responsible for the development of the 
diabetes. There is enough clinical and labora- 
tory evidence today to support this statement. 


The experiments conducted by Dr. Joseph E. 
Sokal in Dr. Long’s laboratories proved con- 
clusively the presence of a glycogenolytic sub- 
stance in the liver extract I used in the clinic 
ior the treatment of patients with pernicious 
anemia. This extract when injected into normal 
rabbits regularly produced glycosuria and hyper- 
glycemia. 

SUMMARY 


A liver extract '* used in the treatment of 
patients with pernicious anemia was found to 
have an effect on the carbohydrate metabolism. 
Of the 17 patients treated with this liver extract, 
fraction A or B, 11 had an increase in the blood 
sugar concentration, 8 had glycosuria and hyper- 
glycemia in various degrees, depending on the 
length of treatment, and the remaining 6 were 
unaffected. Some of the patients became per- 
manently diabetic. 


CONCLUSIONS 


1. Judging from clinical observations and ex- 
perimental work in the laboratory, it appears that 
some liver extracts used in the treatment of 
pernicious anemia contain an as yet unknown 
factor, not identical with the antianemia prin- 
ciple, which is capable of producing glycosuria 
and hyperglycemia in human beings as well as 
in experimental animals. 

2. All liver extracts before being released for 
public use should be tested for the presence of 
this “diabetogenic” factor. 

3. Extracts possessing such properties could 
be used effectively in the treatment of chronic 
hypoglycemia. 

4. Periodic determinations of blood sugar 
should be made for all patients treated with liver 
extract. 
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EFFECTS OF SOME LIVER EXTRACTS ON 
CARBOHYDRATE METABOLISM 


CAPTAIN JOSEPH E. SOKAL 
MEDICAL CORPS, ARMY OF THE UNITED STATES 


INTRODUCTION AND REVIEW OF THE 
LITERATURE 


The announcement by Minot and Murphy of 
the successful therapy of pernicious anemia by 
a liver diet served as a strong stimulus to the 
preparation and study of liver extracts. Al- 
though the primary interest of investigators has 
been in the effect of various liver extracts on 
the hemopoietic system and most of the studies 
have been confined to patients with pernicious 
anemia, there has been some consideration of 
the action of such extracts on other organ sys- 
tems. With the introduction of injectable ex- 
tracts in particular, animal experiments have been 
periormed and various side actions of liver 
preparations have been studied. 

In the course of such studies of the systemic 
effects of orally and parenterally administered 
liver extracts, especially the latter, various ob- 
servers have noted more or less striking effects 
on the carbohydrate equilibrium of the body. 
As might be expected with different men using 
various technics and working with extracts pre- 
pared often by widely divergent methods, there 
is no agreement in the reported results. Thus 
one finds papers denying any effect of liver 
extract on carbohydrate metabolism, opposed by 
reports of clearcut and definitely established ac- 
tions, in opposing directions. 

Because of the contradictory nature of the 
findings and because much of the investigation 
has been poorly controlled, accurate appraisal 
and evaluation of the published work are difficult. 
The reports in the literature fall into several 
groups. 

Effect of Liver Extract on Blood Sugar in 
Experimental Animals.—Biittner! found that 
both of two commercial extracts tested produced 
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regularly a more or less distinct rise in the blood 
sugar of fasting and fed rabbits. In the latter, 
after feeding of levulose increases of more than 
150 mg. per hundred cubic centimeters above 
the values for the control animals were noted. 
The blood sugar-raising effect was noted in 
adrenalectomized and in morphine-poisoned rab- 
bits. Kahler and Riedel? were unable to con- 
firm Biittner’s results. However, the latter ° 
raised certain valid objections against the ex- 
perimental technic and dosage that they used. 
Zipf and Dringenberg * also were unable to con- 
firm Biittner’s findings. They examined four 
liver preparations, including the two used by 
Bittner, and obtained no consistent effect on 
the fasting blood sugar, alimentary hypergly- 
cemia or insulin hypoglycemia of rabbits. On 
the other hand, Hungerland® noted that daily 
injections of liver extract into rabbits for four 
to seven weeks produced a resistance to insulin 
and a rapid recovery from insulin hypoglycemia 
as compared with the course in controls. 

Effect of Liver Extract on Glycogen Content 
of Liver—Gaensslen * noted that injection of his 
liver extract into guinea pigs caused a prompt 
and remarkable drop in hepatic glycogen. He 
obtained values ranging from a trace to 1.5 per 
cent, as against 4.8 per cent and 5 per cent in 
control animals. Ederle and Kriech’ also noted 
a glycogenolytic effect of liver extract and 
ascribed it to the protein content of the extracts 
used. De Caro * reported that administration of 
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liver extract caused a decrease in hepatic gly- 
cogen in the rat and guinea pig, without affecting 
blood sugar or basal metabolism. On the other 
hand, Wiedemann® found that liver extract 
caused a rise in hepatic glycogen. He obtained 
values as high as 11.3 per cent in normal guinea 
pigs. 

Effect of Liver Extract on Blood Sugar of 
Human Subjects—The reports by Blotner and 
Murphy ?° that oral administration of liver ex- 
tract had a favorable effect on the blood sugar 
of diabetic patients aroused much interest. How- 
ever, later careful work with clinical material 
and depancreatized dogs (De Pencier, Soskin 
and Best*!) failed to confirm these startling 
findings. There are several instances on record 
in which hyperglycemia and glycosuria have been 
observed in the course of treatment of patients 
with pernicious anemia with crude liver ex- 
tract. The most striking of these is the experi- 
ence of H. B. Sokal,!* who found that hypergly- 
cemia developed in 11 of 17 patients treated 
with a crude liver extract and that 8 of them 
had glycosuria. 

The striking values for liver glycogen obtained 
by Gaensslen and those for blood sugar obtained 
by H. B. Sokal after parenteral administration 
of liver extract prompted this study of the effect 
of liver extract on certain aspects of carbohy- 
drate metabolism. Aims of the work reported 
herein were (a) to confirm if possible the results 
described by these investigators, (b) to study 
the mechanism involved and (c) to investigate 
the properties of the fraction responsible (it 
seemed most probable that the carbohydrate- 
affecting fraction was independent of the anti- 
anemic factor). 

Several liver extracts were available for study, 
among them three similar to those used by H. B. 
Sokal. Unfortunately, extracts used by other 
authors cited could not be obtained. It was 
mosi feasible to use the albino rat as the experi- 
mental animal. 
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unpublished data; personal communication to the author 
(1934). 


PLAN OF EXPERIMENTS 


Preliminary experiments included brief exam- 
ination of the liver extracts available, selection 
of a standard dilution of the concentrate in which 
the bulk of the extract used was supplied, selec- 
tion of experimental animals and standardiza- 
tion of technic. Investigation then proceeded 
along the following lines: 

I. Daily determination of urinary dextrose 
over long intervals, both during administration 
of liver extract and during control periods 

A. In normal animals 

B. In “latent” diabetic (partially depan- 
creatized) animals 

C. In a “frankly” diabetic (partially depan- 
creatized) animal excreting large 
amounts of dextrose daily 

II. Effect of parenteral liver extract on blood 
dextrose levels of normal animals 

A. In the fasting state 
B. In the absorptive and postabsorptive 
states 

III. Effect of insulin on hyperglycemia pro- 
duced by liver extract 

IV. Effect of liver extract on carbohydrate 
stores of normal animals 

A. Fasting 
B. Fed 

V. Effect of parenteral liver extract on nitro- 
gen balance of normal animals 

VI. Effect of parenteral liver extract on res- 
piratory quotients of 

A. Normal animals 
1. Fasting 
2. During absorption of dextrose 
B. “Diabetic” 
animals 
1. Fasting 
2. During absorption of dextrose 

Finally, some properties of the active principle 
were studied, and attempts were made to frac- 
tionate the liver extract used. Postmortem 
studies and microscopic examination of repre- 
sentative tissue sections were carried out rou- 
tinely, all animals being killed at the conclusion 
of the experiments. 


(partially depancreatized) 


METHODS 


Care of Animals—The animals were housed in a 
warm room, free from drafts. They were weighed, 
food cups and water bottles were filled and urine flasks 
were emptied at the same time each morning. Cages 
were cleaned at regular intervals. Rats were main- 
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tained in cages consisting of large galvanized iron cans 
equipped with no. 4 mesh wire screening as a bottom 
and with a removable top. These cages rested on 10 
inch (25 cm.) glass funnels. 

Diet.—Rats were given a standard diet, prepared in 
bulk, which contained 25 per cent free carbohydrate 
and 52 per cent total available carbohydrate. 

Collection and Analysis of Urine-—Urine was col- 
lected in 125 cc. Erlenmeyer flasks containing about 
1 cc. of toluene. No preservative was used when it was 
desired to apply fermentation tests to the urine. 

Urinary dextrose was determined by titrating un- 
diluted urine against 5 cc. of Benedict’s quantitative 
solution. Urinary nitrogen was determined by a modi- 
fication of the Folin-Wu 13 method, with the comparative 
colorimeter. 

Collection and Analysis of Blood.—Blood was ob- 
tained for determination of dextrose by rapidly cutting 
oft the tip of the animal’s tail with a sharp razor blade. 
This procedure was usually painless, and blood was 
readily obtained with the aid of gentle massage of the 
cut tail, About 0.2. cc. of blood was collected for 
analysis, a 8tmall amount of potassium oxalate-sodium 
fluoride mixture serving as anticoagulant and preserva- 
tive. ‘ 

Dextrose was determined by a modification of the 
Folin ferricyanide reduction micromethod. The Evelyn 
photoelectrie colorimeter was used; readings were con- 
verted into logarithmic equivalents and values for blood 
dextrose were read directly, off a previously prepared 
and frequently checked curve. 


Determination of Glycogen—Tissues for determina- 
tion of glycogen were obtained from the living animal 
anesthetized with pentobarbital sodium (5 mg. per hun- 
dred grams of body weight). As soon as anesthesia 
was complete the skin of the leg was incised and re- 
flected back, so that the gastrocnemius muscle was 
exposed. The muscle was rapidly freed along its length 
and:cut at the achilles tendon and proximally, a sample 
of about 1 Gm. being taken. This sample was imme- 
diately plunged into a 50 cc. tared centrifuge tube 
containing 2 cc. of 30 per cent potassium hydroxide 
solution. An abdominal incision was then made, a lobe 
of the-liver clamped off and approximataely-1 Gm. of 
hepatic tissue removed. This was quickly blotted on 
filter paper to remove excess blood and similarly dropped 
into a tared tube containing 30 per cent - potassium 
hydroxide solution. Finally, 1 cc. of blood was: drawn 
by cardiac puncture, for a check determination of ‘dex- 
trose. 

Glycogen was precipitated with alcohol, hydrolyzed 
with hydrochloric acid and determined as dextrose by 
the Shaffer-Somogyi method. The blood filtrate was 
prepared by the Somogyi zinc precipitation method and 
similarly analyzed for dextrose. 

Determination of Respiratory Quotients—The open 
circuit Haldane apparatus was used for determining 
respiratory metabolism. The rat was placed in a Mason 
quart jar fitted with a large rubber stopper carrying 
an inlet and an outlet tube. Incoming air was purified 
by passing it successively through sulfuric acid and 
pumice, soda lime and anhydrous magnesium perchlo- 
rate.14a@ Thus it was freed of water and carbon dioxide. 
Emerging air was passed through two U tubes contain- 
ing anhydrous magnesium perchlorate and two con- 
taining sodium hyroxide-asbestos absorbent 14> and 


13. Folin, O., and Wu, H.: A System of Blood 
Analysis, J. Biol. Chem. 38:81, 1919. 

14. (a) The preparation of anhydrous magnesium 
perchlorate used was “dehydrite.” (b) The preparation 
of sodium hydroxide and asbestos was “ascarite.” © 


anhydrous magnesium perchlorate in that order. In 
this manner expired water and carbon dioxide were ab- 
sorbed. The final tube was attached to a mercury 
manometer and a vacuum line, which drew the air 
through the system. The entire system (excluding the 
tubes used in purification of incoming air) was weighed 
before and after each trial. Carbon dioxide was deter- 
mined directly, by the change in weight of the tubes 
containing sodium hydroxide-asbestos absorbent. The 
gain in weight of the system as a whole (rat + jar+ U 
tubes) represented the oxygen consumed. 


Liver Extracts—Extracts “fraction A” and “fraction 
B” (the fractions used by H. B. Sokal in the treat- 
ment of patients with pernicious anemia) were specially 
prepared by the Wilson Laboratories, Chicago. The 
extract used most frequently in these experiments, which 
will be designated liver extract no. 1, was prepared 
frequently in small quantities by diluting with an equal 
volume of distilled water another extract specially pre- 
pared by the Wilson Laboratories. The diluted extract 


TABLE 1.—Fermentation of Liver Extracts 


Dextrose 
Dilu- Equiva- 

Extract tion lent Yeast Results 
Fraction B 13.0% Bakers’ Partial fermentation 
L. E.1 1-5 2.7% Bakers’ No fermentation 
L. E.1 1.5 2.7% Same No fermentation 
Dextrose 3% 3% sample No fermentation 
Dextrose 0.8% 0.3% bakers’ Slow fermentation 
L. E.1 1-5 2.7% Brewers’ Slight fermentation 
Lilly 1-10 0.6% Brewers’ Complete fermentation 

and bakers’ 
L. E.1 1-9 1.5% Same Slight fermentation 
sample 
L.E.1lplus 1-9 2.0% mixed Fermentation equiva- 
0.1 Gm. dex- brewers’ lent to added dextrose 
trose and bakers’ 
Dextrose 0.5% Complete fermentation 
L. E. 37 1-10 No fermentation 
‘L. E. 37 plus 1-10 1.5% Same Partial fermentation 
dextrose sample 
bakers 
L. E. 38 1-10 No fermentation 
L. E. 38 plus 1-10 1.5% Same Partial fermentation 
dextrose sample 
bakers’ 


was a clear, deep brown, neutral solution, of specific 
gravity 1.14. Fifteen grams of fresh liver was repre- 
sented by 1 Gm. of this extract; it contained 30 per 
cent of solid material and 2.6 per cent of ash. Its 
reducing power was equivalent to a 13.5 per cent solu- 
tion of dextrose, and it contained 22 mg. of nitrogen 
per cubic centimeter. It was almost completely dialyzable. 
Other extracts, only briefly used, were Wilson’s (1938), 
Lilly’s (1939) plain and Abbott’s (1940) concentrated 
liver. extracts. 


These six commercial liver preparations, all at one time 
or another found to be efficacious in the treatment of 
pernicious anemia, were examined in this study. All 
were soluble in water, completely or with only small 
amounts of insoluble residue, forming a neutral, deeply 
colored solution. All were free of protein as judged by 
the heat precipitation, biuret, Millon and nitric acid 
tests. None contained a significant amount of other 
soluble material; all contained nitrogen. 

A disturbing factor throughout the experiments has 
been the fact that four of the extracts tested, including 
all those capable of producing glycosuria consistently, 
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gave strong reductions with Benedict’s solution, equiva- 
lent to a dextrose concentration of 6 to 14 per cent. 
The extracts which reduced Benedict’s solution behaved 
like equivalent solutions of dextrose toward the common 
sugar reagents. It was therefore attempted to identify 
the reducing material as dextrose. To this end, con- 
densation with phenylhydrazine and fermentation tests 
were used. Various dilutions of three of the potent 
preparations were condensed with phenylhydrazine in the 
usual manner, dextrose solutions of equivalent reducing 
power being used as controls. In all cases crystalline 
precipitates were readily obtained which grossly re- 
sembled glucosazone and microscopically could not be 
distinguished from it. Fermentation tests with the liver 
extracts were rather unsatisfactory. Difficulty was ex- 
perienced in obtaining potent samples of yeast and in 
achieving consistent results in attempts at fermentation 
of the extract. A complicating factor making the inter- 
pretation even more difficult was the presence of various 
preservatives in the extracts tested. The results of 
fermentation tests are listed in table 1. It will be seen 
that, although partial fermentation was obtajned occa- 
sionally and complete fermentation was secured in 1 
instance, the results on the whole cannot be regarded as 
satisfactory. 
EXPERIMENTAL STUDIES 


Production of Glycosuria by Parenteral Ad- 
ministration of Liver Extract and Assay of 
Several Preparations.—It was found possible to 
produce glycosuria consistently by subcutaneous 
or intraperitoneal injection of several liver ex- 
tracts. In normal animals urinary excretion of 
dextrose of as much as 0.4 to 0.8 Gm. per day 
was obtained with large doses of extract. That 
the reduction noted was in reality due to dex- 
trose was readily proved. Glucosazone was 
obtained by condensing samples of urine with 
phenylhydrazine; reduction of Benedict’s solu- 
tion was absent after fermentation of the urine 
with yeast. 

The six liver extracts already mentioned were 
tested for ability to produce glycosuria. Three 
of these preparations are now in use in the treat- 
ment of pernicious anemia. The others, rela- 
tively cruder, were formerly found to be effec- 
tive against that disease but have been replaced 
by more potent and purer preparations; these 
three, designated as “fraction A,” “fraction B” 
and “liver extract no. 1,” are samples prepared 
to resemble the extracts used by H. B. Sokal '* 
in the work previously cited. The relative po- 
tency of these extracts was tested by administer- 
ing various amounts of each parenterally to 
normal animals, under well controlled condi- 
tions. In some cases it was immediately ap- 
parent that an extract either had little ability 
to produce glycosuria or was potent enough to 
warrant further study ; in other cases an extended 
period of observation was necessary to reach a 
conclusion. 

Chart 1 presents a typical study of this sort. 
In this experiment, “fraction A” and “fraction B” 


were compared ; three normal male guinea pigs 
weighing 250 to 300 Gm., on a diet of oats and 
lettuce, were used. Guinea pig S1 was given 
an injection of “fraction B” ; animal S 2 received 
an equal dose of “fraction A” under the same 
conditions ; S 3, a control, was occasionally given 
an injection of dextrose solution. It will be 
noted that the control animal at one time excreted 
a significant amount of dextrose and that the 
experimental animals did not do so unless they 
were given liver extract. Administration of 
0.2 cc. of the extract per hundred grams of body 
weight did not produce a glycosuric response. 
Administration of 0.4 cc. per hundred grams of 
either fraction A or fraction B evoked glyco- 


Control 


Ur. Dext.-S 3 
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Liver Extr.-Ce 
lee. 12% dext 


$1,s2 
Urinary Dextrose-Graas 


Chart 1.—Activity of two liver extracts on 3 normal 
male guinea pigs weighing 250 to 300 Gm., on a diet of 
oats and lettuce. Sl was given fraction B; S2 received 
fraction A; S3 was the control. 


suria; the response to fraction B was in every 
case greater than that to fraction A. Further- 
more, after twenty-three days fraction A wes 
no longer capable of eliciting glycosuria, whereas 
fraction B was as active as before. Doubling 
the dose of liver extract, to 0.8 cc. per hundred 
grams of body weight, resulted in a 69 per cent 
increase in urinary dextrose. Injections of dex- 
trose solutions, alone or in conjunction with liver 
extract, had no effect on glycosuria. The pos- 
sibility that individual variation played a role 
was ruled out by later giving animal S2 an 
injection of fraction B, when a glycosuric re- 
sponse was again obtained in this animal. 
Table 2 summarizes the results of compara- 
tive studies of potency of the various extracts. 
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The extracts were tested in some cases in the 
sae animal at different times; in other cases 
in 2 animals of the same sex, age and weight, 
maintained under identical conditions. If the 
latter type of test was used, individual variation 
was ruled out by changing extracts at the con- 
clusion of the experimental period, as first de- 


TABLE 2.—Activity of Several Liver Extracts 


Reduction Glyco- 
Dextrose Experimental suria 
Excract Description Equivalent Animal Produced 
Wilson Now manu- 0 Normal guinea 1 plus 
factured for pig 
treatment of 
pernicous 
anemia 
Fre-tion A No longer 10% Normal guinea 2 plus 
used pig, normal 
mouse 
Fr» tion B No longer 12% Normal guinea 4 plus 
used pig, normal 
mouse, normal 
and diabetic 
rat 
BEI No longer 13.5% Normal and 4 plus 
used diabetic rat 
Lil Now used in 6.0% Normal rat 2 plus 
the treatment 
of pernicious 
anemia 
Ab) ott A “concen- 1.8% Normal rat 0 
trated”’ liver 


extract, relatively 
pure, now used in 
the treatment 

of pernicious 
anemia 


scribed. It will be seen that the most active 
preparations were fraction B and liver extract 
no. 1, 

Selection of Experimental Animals and Stand- 
ardization of Procedure.—Guinea pigs, mice and 
rats were given injections of potent liver extract, 
and glycosuria was obtained in each species. 
Mice proved to be unsuitable, however, because 
only small amounts of urine were obtained and 
samples were usually grossly contaminated with 
feces. Both guinea pigs and rats were satis- 
factory, but the latter proved much more con- 
venient as experimental animals because it was 
possible to house them in the departmental rat 
colony and feed them a standard diet of known 
composition. Accordingly, normal and depan- 
creatized rats were the animals used in the sub- 
sequent experiments. The care and feeding of 
these animals and the collection of urine have 
already been described under “Methods.” 

It has been pointed out that fraction B and 
liver extract no. 1 were the two extracts found 
to be highly potent. These were very similar, 
and since liver extract no. 1 was somewhat the 
more active of the two and a larger quantity 
of it was available, it was decided to use that 


preparation in the remainder of the experiments. 
In the work to be reported in the rest of this 
paper, therefore, liver extract no. 1 is the extract 
used unless specific mention is made to the 
contrary. 

Both subcutaneous and intraperitoneal injec- 
tions were used. The former frequently caused 
a superficial ulcer at the site of an injection; 
furthermore, it was sometimes possible for a 
significant portion of the dose administered to 
be extruded after its injection. Intraperitoneal 
injections were more satisfactory on the whole ; 
they had the disadvantage, however, of occa- 
sionally resulting in a fatal accident. Injections 
were usually made between 10 and 11 o’clock 
in the morning, under-the same conditions from 
day to day. 

Studies on Glycosuria Produced by Liver 
Extract.—Daily determinations of urinary dex- 
trose were made on three types of experimental 
animals under the influence of active preparations 
of liver extract. The effects of various levels 
of dosage and of food intake were studied. 

Chart 2 shews the dextrose excretion of a 
normal rat having free access to food and water, 
over a period of forty days. Several dose levels 
of “fraction B’” were used, and on several occa- 
sions the animal was given an injection of dex- 
trose solution. The graph illustrates a some- 
what more uniform response than was usually 
obtained but is otherwise typical. It is seen 
that the animal excreted significant amounts of 
dextrose only when given injections of liver 
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Chart 2.—Excretion of dextrose by a normal male 
rat weighing 400 Gm., on a standard diet, given injections 
of an active liver extract. 


extract and that the amount excreted was pro- 
portional to the dose of the extract administered. 
The threshold dose was found to be 0.25 cc. 
per hundred grams of body weight; 130 mg. of 
dextrose was excreted at that level. With a 
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dose of 0.5 cc. per hundred grams, the urinary 
excretion rose to about 210 mg., and on one 
occasion, when 1 cc. per hundred grams was 
administered, 420 mg. of dextrose appeared in 
the urine. Injection of dextrose solution, alone 
or with liver extract, had no effect on urinary 
dextrose. 

In other experiments with normal animals it 
was found that the excretion of dextrose occurred 
in the first six hours after administration of 
liver extract. Glycosuria was diminished but 
not abolished when liver extract was adminis- 
tered in the fasting state. Injection of liver 
extract in conjunction with feeding of dextrose 
solution by stomach tube caused a twofold to 
threefold increase in urinary dextrose; this in- 
teresting experiment will be discussed later. 
Feeding of dextrose alone caused no glyco- 
suria. 

Two rats with “latent diabetes” were avail- 
able. These were partially depancreatized ani- 
mals that manifested no glycosuria normally, but 
were susceptible to the “diabetogenic’”’-hormone 
of the anterior lobe of the pituitary gland. These 
animals behaved in general like normal rats 
toward one or two doses of liver extract, al- 
though they were somewhat more sensitive to 
its action, excreting 30 to 50 per cent more 
dextrose than normal rats receiving the same 
dose. It was noted, however, that administra- 


TaBLe 3.—Effect of Liver Extract and Anterior Pitui- 
tary Extract on Two Partially Depancreatized Rats 


Urinary Dextrose, 
Animal Injection Mg. 
0 
Saline anterior pituitary extract 
0.5 ec./100 Gm. on 2 successive 
L, E.1 
0.5 cc./100 Gm., 1 dose............ Average.......... 150 
0.5 ce./100 Gm., 5 daily doses..... Average, 5th day 180 
Saline anterior pituitary extract 
0.5 ce./100 Gm., 2 daily doses..... 550 


L. E.1 
0.5 ec./100 Gm., 1 dose............ 


Average.......... 160 

0.5 ec./100 Gm., 5 daily doses..... Average, 5th day 230 
0.5 ec./100 Gm., 9 daily doses..... aes 690 
10th day......... 220 
No . llth day......... 100 


tion of liver extract over a period of days caused 
a general increase in the glycosuria produced 
by a given dose; and in one animal a “diabetic” 
‘ state was produced which persisted for two days 
after the last injection. These findings are re- 
ported in table 3. 

Finally, the effect of liver extract on the dex- 
trose excretion of a spontaneously diabetic ani- 
mal was studied. Y-125, a depancreatized rat 
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about 2 years old, was followed for two hundred 
and fifty days, receiving injections of liver ex- 
tract at various intervals during that time, 
Chart 3 shows this animal’s weight, food intake 
and urinary dextrose, and the ratio of urinary 
dextrose to total available dietary dextrose over 
this period, in average values for five day periods. 
It is seen that although the correspondence is 
not exact, in general the peak levels of urinary 


€ 
a 


FiveDey Periods 


Chart 3.—Data on a diabetic rat given injections of 
active liver extracts. Weight, food intake, total dextrose 
excreted and dextrose excretion as percentage of avail- 
able dietary dextrose were charted for 210 days in five 
day averages. U.D./D.D. % = 

Dextrose in urine 100 
Carbohydrate in diet 60% of protein 10% of fat 
A.P.E. indicates a single injection of saline extract of 
anterior pituitary, 0.5 cc. per hundred grams of body 
weight. 


dextrose were attained during or shortly after 
administration of liver extract. The ratio of 
urinary dextrose to total available dietary dex- 
trose (available dietary dextrose = carbohydrate 
plus 60 per cent of protein plus 10 per cent of 
fat), a better index of severity of the diabetic 
state, shows an even closer relation than the 
other factors to injections of liver extract. It 
is seen, however, that there is no correlation 
between the output of dextrose and the dose of 
liver extract; in fact, the greatest concentration 
of the diabetic state of this animal occurred at 
a time when it was receiving small doses of 
extract every other day. 

The intensity of the effect produced in this 
animal is best gaged by examining its previous 
record. During the month preceding the start 
of this experiment, its average daily output of 
dextrose was 4.02 Gm. Injection of a saline 
extract of the anterior lobe of the pituitary 
increased the excretion of dextrose from 4.3 to 
5.1 Gm. The highest single day’s output at any 
time previous to the injections of liver extract 
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was 5.8 Gm. In the course of the experiment, 
however, an output of 7.5 Gm. was attained 
on three occasions. It is not fair, of course, to 
compare the effect produced by continued ad- 
ministration of liver extract with that obtained 
by only one dose of anterior pituitary extract; 
it is obvious, however, that this animal’s diabetic 
state was at least as readily accentuated by liver 
as by pituitary extract. 

Effect of Liver Extract on Blood Sugar of 
Normal Animals.—It was found that intraperi- 
toneal injection of liver extract caused a remark- 
able rise in blood sugar in fasting animals. Fig- 
ure 4 contains two of the blood sugar curves 
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Chart 4.—Response of normal fasting rats to injections 
of liver extract. The control received 1.5 cc. of 14 per 
cent dextrose solution. 


and is typical of the results obtained. S5 and 
S6 were rformal female rats which were made 
to fast for thirty hours and were given injections 
of 0.67 cc. of liver extract no. 1 per hundred 
grams of body weight. Control curves represent 
the same rats given injections of 14 per cent 
dextrose solution under similar conditions. 
Table 4 presents the data obtained in the ex- 
periments on fasting normal rats given injections 
of liver extract. The blood sugar curves in 
chart 4 were compared with curves obtained 
after injection of 14 per cent dextrose solution. 
This procedure is valid only if the reducing 
power of the liver extract is due to dextrose, or 
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to something readily metabolized to dextrose in 
the body. It is conceivable that the extract may 
contain a nondextrose reducing substance which 
is not rapidly disposed of by the organism and 
which would therefore persistently give false high 
values for blood sugar; this possibility was not 
rigorously excluded by the analysis of the extract. 


TasLe 4.—Effect of Liver Extract on Fasting Blood 
Sugar of Normal Rats * 


Blood Sugar No. of 
Values, Mg. Observa- 
Time per 100 Ce. Average _ tions 
24-36 hour fasting....... 87, 70, 58, 75, 67, 72 15 
105, 90, 85, 79, 67, 
84, 62, 64, 40, 40 
% hour after injec- 200, 170, 156, 218, 166 $ 
tion of L. E.1 167, 170, 130, 115 
1 hour after injection... 173, 184, 230, 200 197 4 
2 hours after injection.. 182, 205, 258, 200 211 4 
4 hours after injection.. 240, 140 190 2 


* Intraperitoneal injection, usually 0.67 ec. of liver extract 
no. 1 per hundred grams of body weight. 


Accordingly the following experiment was per- 
formed : 

A fasting animal was given an injection of 
liver extract. One hour later a lethal dose of 
insulin was administered and blood sugar values 
were obtained at intervals until the animal’s 
death. If the high figures recorded in table 4 were 
due to a nondextrose reducing substance which 
persists in the rat’s blood stream for several 
hours, the animal should have a relatively high 
blood “sugar” even though in insulin shock. 
If, on the other hand, these figures actually 
represented dextrose, the blood sugar reading 
should be extremely low at death. This experi- 
ment is recorded in table 5. It is seen that 


Taste 5.—Effect of Insulin on the Rise in Fasting Blood 
Sugar Caused by Liver Extract 


Time, Blood Sugar, 
Hours Injection Comment Meg. per 100 Ce. 
Animal drowsy 51 
3 Tremors 10 
Comatose 9 


Roused slightly, 10 
died 


rat S5 succumbed with a blood sugar of 0, 
effectively excluding the presence of any reduc- 
ing substance in the blood stream. Therefore, 
even if there is a noncarbohydrate reducing sub- 
stance in the liver extract, it is not found in the 
blood of the experimental animal several hours 
after the injection. 
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In the course of some of the experiments to 
be reported an opportunity was afforded to 
examine the effect of intraperitoneal injection of 
liver extract on normal rats in the absorptive 
state. As might be expected, the blood sugar 
curves were similar to those obtained for fasting 
animals, but the levels of dextrose were con- 
siderably higher, reaching 425 and 350 mg. per 
hundred cubic centimeters in the two curves 
obtained. These figures are shown in table 6. 


Tasie 6.—Effect of Liver Extract on the Carbohydrate 
Stores of Normal Rats * 


Liver Muscle Blood 
Glyco- Glyeo Sugar, 
Ani- gen, gen, Mg. per 
mal % % 100 Ce. 
89 Control, injection of dex- 1.34 0.59 115 
trose every 4 hours for 
24 hours 
ss Injection of dextrose every 0.5 0.6 146 
4 hours for 12 hours; then 
L. E. 1 every 4 hours for 
12 hours 
$10 SameasS8s 0.52 0.36 70 
sill Control, dextrose feeding 6.0 1.34 130 
plus injection of dextrose 
every 4 hours for 24 hours 
$12 Dextrose feeding plus in- Died 17th hour 
jection of dextrose every 
$18 4 hours for 12 hours; then Died 17th hour 
dextrose feeding plus L. E. 
S14 levery 4 hours 0.33 14th hr. 320 
Died 20th hour 16th hr. 360 
20th hr. 425 
S$ 16 Dextrose feeding; L.E.lat 2.06 0.54 230 ? 
4 hours; killed at 7 hours 
Control (Cori-Cori 45) (5.0) (0.55) (118) 
$17 L. E. 1; dextrose feeding 1.98 0.42 0-40 
at % hour; killed at 4% hours %hr. 113 
lhr. 139 
2hr. 270 
8%hr. 350 
4% br. 350 
Control (Katzin ®) (4.0) (0.78) (114) 
Control (Ferguson 2°) (8.1) (0.68) (147) 


* All the animals were made to fast for twenty-four hours 
before the beginning of the experiment. Liver extract 1 and 
14 per cent dextrose solution were given in doses of 0.67 cc. per 
hundred grams of body weight; the dextrose feeding was 720 
mg. per hundred grams. 


Effect of Liver Extract on Carbohydrate 
Stores of Normal Rats.—The effect of repeated 
injections of liver extract on muscle and liver 
glycogen of fasting rats was studied as follows: 

Three rats were made to fast for twenty-four 
hours. They were then placed in metabolism 
cages, and urine was collected for twelve hours, 
during which time each rat received three injec- 
tions of 0.67 cc. of 14 per cent dextrose solution 
per hundred grams of body weight. (This was 
done to obtain control values for studies of nitro- 
gen balance, to be reported.) In the course of 
the next twelve hours, when second specimens 
of urine were being obtained, 2 animals received 
3 injections of 0.67 cc. of liver extract no. 1 per 
hundred grams of body weight, while the third, a 
control, continued to receive the dextrose solu- 


tion. At the end of the second twelve hours 
the animals were put to death, and values for 
blood sugar and for muscle and liver glycogen 
were determined. 

The results are reported in table 6. It will 
be noted that there is a definite decrease in liver 
glycogen in the experimental animals; no con- 
clusions can be drawn about muscle glycogen. 
The figure for liver glycogen of the control is 
higher than is ordinarily reported for fasting 
animals, but it must be remembered that this 
rat received dextrose every four hours. 


It was attempted next to study the effect of 
repeated injections of liver extract on carboliy- 
drate stores of fed animals, in the same manner, 
Accordingly, 4 rats were made to fast for twenty- 
four hours; then for twelve hours they were 
fed 720 mg. of dextrose per hundred grams of 
body weight every four hours (average maxi- 
mum absorption of dextrose for this strain of 
rat) and given three injections of 0.67 cc. of 
14 per cent dextrose solution per hundred grams. 
At the end of this period, 1 animal, a control, 
continued to receive dextrose orally and by injec- 
tion, while the others were fed dextrose but given 
injections of 0.67 cc. of liver extract no. 1 per 
hundred grams of body weight. It was noticed 
that the experimental animals, which had hitherto 
tolerated the procedure well, became listless and 
weak, with poor muscle tone and depressed re- 
activity. The second feeding of dextrose and 
injection of liver extract intensified this state; 
in no case did an animal survive two injections. 
However, death was anticipated in the case of 
1 animal and a determination of liver glycogen 
and blood sugar was made before it succumbed; 
a sample of muscle could not be obtained rapidly 
enough, unfortunately. The value for liver 
glycogen was 0.33 per cent, as against 6.0 per 
cent for the control animal. 

The determinations of liver and muscle gly- 
cogen were made on animals that had fasted 
for twenty-four hours and received a single feed- 
ing of dextrose and one injection of liver extract. 
No controls were used, but one of the experi- 
ments was planned to duplicate the conditions 
under which Cori and Cori? studied the effect 
of epinephrine on carbohydrate stores in the 
postabsorptive state; the other simulated the 
experimental conditions under which Katzin™ 


15. Cori, C. F., and Cori, G. T.: The Mechanism 
of Epinephrine Action: II. The Influence of Epinephrine 
and Insulin on the Carbohydrate Metabolism of Rats in 
the Postabsorptive State, J. Biol. Chem. 79:321, 1928. 

16. Katzin, R.: The Role of the Adrenal Cortex in 
Carbohydrate Metabolism, Thesis, Yale University, 1940. 
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and Ferguson *’ obtained normal values in the 
strain of rat used in this study. 

In the first experiment, a fasting rat was 
fed 720 mg. of dextrose per hundred grams. 
At the end of a four hour absorption period, 
the animal was given an injection of 0.67 cc. 
of liver extract no. 1 per hundred grams. Three 
hours later it was killed, and liver and muscle 
glycogen were determined. The value for mus- 
cle glycogen, 0.54 per cent, checked well with 
Cor: and Cori’s figures for control animals, but 
that for liver glycogen, 2.0 per cent, was dis- 
tincily lower than their value, of 5.0 per cent. 

In the second experiment, a fasting rat was 
given an injection of 0.67 cc. of liver extract 
no. | per hundred grams of body weight and 
one half hour later fed 720 mg. of dextrose per 


period urine was collected (the bladders were 
expressed at the beginning anti at the end of 
the twelve hours) and the animals were given 
injections of 0.67 cc. of 14 per cent dextrose 
solution per hundred grams of body weight 
every four hours. At the conclusion of this 
control study, a second collection of urine over 
twelve hours was made, and the 2 experimental 
animals were given an injection of 0.67 cc. of 
liver extract no. 1 per hundred grams every 
four hours, while the control continued to receive 
dextrose. Thus 1 animal served as a control 
over the nitrogen excretion of the two twelve 
hour periods, whereas each experimental animal 
served as its own control during the foreperiod 
of twelve hours. The findings are reported in 
table 7. It was not expected that accurate 


TasLe 7.—Urinary Excretion of Nitrogen Under the Influence of Liver Extract 
(Preliminary Fast of Twenty-Four Hours) 


Urinary 
Nitrogen, 
Urinary Mg. per 
Nitrogen, Hour per 
An'v.al First 12 Hours Mg. 100 Gm. 
0.67 ce. 14 per cent dex- 58 3.0 
trose solution per 100 Gm. 
every 4 hours 
$3 Same as S9 80 3.4 
S Same as S9 48 2.8 
S 720 mg. dextrose solu- 33 14 
tion per 100 Gm. 
every 4 hours 
Ss Same as S§ 11 39 1.6 
Ss Same as § 11 62 2.7 
$i4 Same as § 11 91 3.5 


Urinary Nitrogen 
Nitrogen, Deficit,* 
Urinary Mg, per Mg. per 
Nitrogen, Hour per Hour per 
Second 12 Hours Mg. 100 Gm. 100 Gm. 
0.67 ec. 14 per cent dex- 54 2.8 0.2 
trose solution per 100 Gm. 
every 4 hours 
0.67 ce. L. E. 1 per 100 106 4.5 2.5 
Gm. every 4 hours 
Same as S 8 100 5.8 0.6 
720 mg. dextrose per 100 48 1.8 Excess of 0.4 
Gm. plus 0.67 cc. 14% dex- 
trose solution per 100 Gm. 
every 4 hours 
720 mg. dextrose per 100 28 2.7 1.8* 
Gm. plus 0.67 ec. L. E.1 
per 100 Gm. every 4 hours; 
died 5th hour 
Same as § 12, died 5th 24 2.8 2.8* 
hour 
Same as S 12; died at 50 2.9 4.2 
8 hours 


* Nitrogen deficit = nitrogen excretion first 12 hours plus nitrogen in extract injected minus nitrogen excretion second 12 
hours. The Second injection was neglected in the case of $12 and $13, because death occurred shortly afterward. 


hundred grams by stomach tube. At the end 
of four hours, the liver glycogen was 2.0 per 
cent and the muscle glycogen 0.42 per cent. 
In this case both muscle and liver glycogen are 
lower than Katzin’s and Ferguson’s figures for 
the normal rat under these conditions. It is 
noteworthy that the animal’s blood sugar rose 
to 350 mg. per hundred cubic centimeters. 
Effect of Liver Extract on Nitrogen Balance. 
—Studies of urinary nitrogen were performed 
to discover whether administration of liver ex- 
tract caused any significant gluconeogenesis in 
addition to a mobilization of carbohydrate stores. 
Three normal rats were made to fast for twenty- 
four hours, in preparation for the first experi- 
mental period of twelve hours. During this 


17. Ferguson, J. F., Jr.: The Role of the Thyroid 


Gland in Carbohydrate Metabolism, Thesis, Yale Uni- 
versity, 1940, 


quantitative data would be obtained in this ex- 
periment, because of the relatively large amounts 
of nitrogen administered in the extract. How- 
ever, it was felt that a significant gluconeogene- 
sis should be revealed through the presence in 
the urine of excess nitrogen above that injected 
in the extract. This did not occur; in fact, a 
deficit of nitrogen was noted. This does not 
exclude the occurrence of gluconeogenesis, of 
course, since there is no evidence that the nitro- 
gen in the extract is rapidly excreted. 

It was hoped to throw further light on this 
question by repeating the experiment with dex- 
trose-fed instead of fasting animals. In these 
circumstances gluconeogenesis would presumably 
be less likely to occur. Excess nitrogen found 
in the urine could then be taken as a rough 
measure of the excretion of nitrogen adminis- 
tered in the extract. Accordingly, an experi- 
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ment which has already been described was 
undertaken. Four animals after a preliminary 
test of twenty-four hours were fed 720 mg. of 
dextrose per hundred grams of body weight every 
four hours and given an injection of 0.67 cc. 
of 14 per cent dextrose solution per hundred 
grams every four hours, for twelve hours. The 
control animal continued to receive dextrose for 
the next twelve hours, whereas the experimental 
animals were fed dextrose but received injections 
of liver extract. However, as has already been 
reported, all the experimental rats went rapidly 
downhill and died after the second injection. 
Under these circumstances it is highly doubtful 
whether urinary excretion of nitrogen would have 
any validity as a control for the preceding ex- 
periment. The figures obtained are reported in 
table 7, although no conclusions are drawn from 
the data. 


TaBLe 8.—Effect of Liver Extract on the Respiratory 
Quotient of Normal and of Diabetic Rats 


R. Q., 
R. Q., R. Q., Dextrose 
Fasting, Fasting, Feeding, 
Injections Injections R.Q., Injections 
R.Q., of of Liver Dextrose of Liver 
Animal Fasting Dextrose Extract Feeding Extract 
Normal 
§ 21 0.72 
§ 23 0.73 


0.73 
22 0.74 
86 0.73 0.75 
0.74 
85 0.73 0.75 


Average 
normal 0.73 0.75 


Depancreatized 


Y 128 0.75 
0.74 

Average, de- 
pancreatized 0.73 0.75 


Dextrose feeding, 800 mg. per hundred grams of body weight 
of rat. Injections, 0.67 cc. of liver extract no. 1 or 14 per cent 
dextrose solution per hundred grams of body weight. 


Effect of Liver Extract on Respiratory Quo- 
tients.—Respiratory quotients of rats under the 
influence of liver extract were determined in 
the fasting state and during absorption of dex- 


trose. The Haldane open circuit apparatus was’ 


used, as described under “Methods.” In all trials 
rats were made to fast for twenty-four to thirty 
hours before the beginning of the experiment. 
Determinations were started one hour after feed- 
ings of dextrose and one-half hour after injec- 
tions of liver extract or 14 per cent dextrose 
solution ; they lasted two hours. The results are 
reported in table 8. It is seen that liver extract 
was capable of raising the respiratory quotient 


of normal animals in either the fasting or the 
fed state but that there was no significant effect 


on the respiratory quotient of diabetic rats. The - | 


significance of these findings will be discussed 
later. 

Some Properties of the Active Principle — 
Active liver extract was administered orally to 
mice and rats. A glycosuric response was ob- 
tained in both groups of animals. An effective 
dose for administration by stomach tube in the 
rat was about three times that which would 
produce an equivalent response if given par- 
enterally; no quantitative data were obtained 
on mice. 

The effect of heat on the activity of the extract 
was next investigated. It was found that neither 
of the two potent fractions lost any significant 
proportion of their activity on being maintained 
at 100 C. for thirty minutes. 

To study the effect of py on the activity of 
the liver extract, sulfuric acid and sodium hy- 
droxide were added to two samples of liver 
extract no. 1, so that one sample contained 8 per 
cent acid by weight and the other 5 per cent 
alkali. The two solutions were then placed in 
a steam bath for fifteen minutes. After cooling, 
removal of the SO, ions and adjustment to 
neutrality, the two samples were ¢ompared in 
activity, the precautions outlined in the discus- 
sion of biologic assays being observed. It was 
found that the sample which had been incubated 
with acid was as active as before, while the one 
incubated with alkali had lost 40 per cent of 
its activity. 

The active material was soluble in 60 per cent 
alcohol and was completely precipitated by 90 
to 95 per cent alcohol. Its solubility in isopropyl 
alcohol was similar, but lower concentrations of 
this solvent served to cause precipitation. Cen- 
trifugation after such precipitations yielded a 
clear, deeply colored syrup of about one-fifth the 
volume of the original sample. None of the 
active principle was extracted from aqueous 
solution by butyl alcohol, acetone, chloroform or 
ether. The active material dialyzed somewhat 
slowly but completely through cellophane mem- 
branes. 

Attempts at Fractionation of the Extract and 
Purification of the Active Principle —Although 
it was not expected that isolation of the active 
factor could be achieved in the time available, 
several attempts were made at fractionation of 
the extract. This was done for two reasons. 
First of all, the extract used was highly hyper- 
tonic and obviously irritating when injected; 
removal of inactive material would undoubtedly 
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produce a less hypertonic and probably a less 
irritating extract. Also, if it were possible either 
to separate the active principle from the reduc- 
ing substance in the extract or to prove that 
the two were identical, problems of experimental 
technic, of interpretation and of assay and even- 
tual purification of the active material would 
be made much simpler. 

It was soon found that dialysis was of no 
assistance. The extract used was almost com- 
pletely dialyzable. Fractional dialysis was at- 
tended with no success in separating the various 
components of the extract, although theoretically 
this seeemed an attractive tool. 

Neither acid nor alkali precipitated any portion 
of the extract. Saturation with ammonium sul- 
fate had no effect. Addition of the common 
organic solvents resulted in complete solubility, 
complete insolubility or uniform precipitation of 
the extract as the percentage of water in the 
solution decreased. When precipitation with 
ethy! alcohol was 50 per cent complete, activity 
and :educing power were found in both frac- 
tions Recourse was next to various “precipi- 
tants.’ Addition to trinitrophenol had no effect. 
Tannic acid produced a small amount of precipi- 
tate. Lead, mercury and silver were found 
capable of precipitating large amounts of the 
material in the extract. Of these, mercury was 
somewhat capricious in its action; silver nitrate 
seemed to precipitate almost all the solid in 
the extract, while basic lead acetate removed 
about half of the solid material. 

It was impossible to test biologically all the 
fractions prepared. The lead separation was 
therefore selected for trial, as it seemed cer- 
tain that whichever fraction proved active, a 
twofold purification would have been achieved. 
This proved to be the case. The lead precipi- 
tate was regenerated by dissolving in nitric acid, 
removing lead with sulfate, and adjusting to neu- 
trality; it was found to be inactive and to con- 
tain only a trace of reducing material. The 
lead filtrate, on the other hand, retained prac- 
tically all of the activity and reducing power of 
the original extract. 

The phosphotungstic acid precipitation that 
Cohn and associates * found so useful in pre- 
paring pure preparations of the antianemic fac- 
tor was now applied to the lead filtrate. This 
was acidified with sulfuric acid (to 5 per cent 
by weight), and 20 per cent phosphotungstic 
acid was added until precipitation was complete. 
The phosphotungstic precipitate was found di- 


18. Cohn, E. J., and others: The Nature of the 
Material in Liver Effective in Pernicious Anemia, 
J. Biol. Chem. 77:325, 1928. 
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visible into alcohol-soluble, acetone-soluble and 
insoluble fractions. Material precipitated as 
phosphotungstate was regenerated with an excess 
of 20 per cent barium hydroxide, which removed 
phosphotungstate by precipitation as the barium 
salt. Injectable solutions of the various frac- 
tions obtained in this separation were prepared 
by precipitating toxic substances (phosphotung- 
state with barium; barium with sulfate) and 
adjusting to neutrality. 

When the fractions obtained were tested bio- 
logically, in normal rats previously standardized 
with liver extract no. 1, it was found that a 
considerable loss of activity had occurred during 
the separation. Neither the regenerated phos- 
photungstate precipitate nor any of its fractions 
were active. The phosphotungstate filtrate was 


TABLE 9.—Fractionation of Active Liver Extract 


Reducing 
Fraction Description Power* Activity 
L. E. no.1 Control, known activity...... ttt+ ++++ 
3 
4 Samples taken at various +++ +++ 
5 stages in the dialysis of to to 
liver extract no. 1 - 
16 80% alcohol, 
++++ ++++ 
17. +L. E.no.1in 80% alcohol, 
Supernatant. +++ ++++ 
19 Filtrate after treatment of 
L. E. no. 1 with basic lead 
23 Regenerated basic lead ace- 
tate + 
27 no. 19 treated with 
phosphotungstic acid, regen- 
erated precipitate............. + 0 
81 L.E. no. 19 treated with 
phosphotungstie acid, filtrate +++ ++ 
40 L.E.no. 31 in 50% alcohol, 
42 L.E.no. 40 in 90% alcohol, 


* Correction is made for dilution undergone in the course 
of the fractionation. 


active, but only weakly so. Most of the reducing 
material remained in the filtrate ; there was some 
loss of this also. 

The phosphotungstate filtrate was further puri- 
fied by adding an equal volume of absolute 
alcohol and discarding the precipitate obtained, 
and then adding more alcohol until a 90 per cent 
alcohol mixture was obtained. On centrifuga- 
tion, a small amount of clear golden liquid was 
obtained. This was dissolved in water and found 
to be active. Unfortunately, enough of this 
material was not available for quantitative estima- 
tion of reducing power. From the qualitative 
test, however, it seemed that, although there was 
some reduction, it was considerably less than 
usually obtained with this degree of activity. 

Table 9 summarizes the positive results ob- 
tained in these attempts at fractionation of the 
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extract. Under “description” are listed only the 
definitive steps of the fractionation. Fractions 
were of course freed of toxic material and re- 
duced to neutral aqueous solution before injec- 
tion. Correction is made for the effects of 
simple dilution. 

Pathologic Studies—All animals used in this 
study were subjected to autopsy, either after 
natural death or at the conclusion of an experi- 
ment. No constant pathologic change was seen. 

Sections of thyroid, heart, lung, spleen, kidney, 
adrenal and testis were taken from representa- 
tive animals. Except for occasional pneumonic 
infiltration, no deviation from the normal micro- 
scopic appearance of these tissues was noted. 


COM MENT 


Glycosuria, Hyperglycemia and Glycogenolysis. 
—It has been definitely established that injection 
of liver extract into normal rats causes glyco- 
suria, hyperglycemia and a fall in the level of 
liver glycogen. The glycosuria is undoubtedly 
a reflection of the hyperglycemia; it is confined 
to the first few hours after the injection, when 
the blood dextrose is above the renal threshold ; 
it is not excessive in amount. 

A categorical explanation of the hypergly- 
cemia is a little more difficult. Several factors 
may play a role in the production of this 
phenomenon. There is no doubt that the con- 
comitant breakdown of liver glycogen accounts 
for an important share of the increased blood 
dextrose, especially in the postabsorptive state. 
This is not enough, however, for discharge’ of 
all the liver glycogen in a fasting rat would not 
produce enough dextrose to raise the concen- 
tration in the body fluids to the levels found. 
Two other intrinsic sources of dextrose are 
available to the rat; one extrinsic source is un- 
willingly supplied him. It can be shown that 
in the fasting rat maximal discharge of liver 
glycogen plus utilization of all the carbohydrate 
supplied in the liver extract is still not enough 
to account for the dextrose produced. Either 
gluconeogenesis or discharge of muscle glycogen 
must be postulated. 

Carbohydrate balances have not been reported 
in this study because the differences in the muscle 
glycogen values obtained are not statistically 
significant. It is possible, however, by making 
an approximate balance sheet, to account for the 
dextrose mobilized by assuming a breakdown 
of muscle glycogen in addition to utilization of 
injected carbohydrate and mobilization of liver 
glycogen. This is entirely in accord with the 


experimental data, for some decrease in muscle 
glycogen was actually observed. It can be stated, 
then, that at least in some animals liver extract 
produces a breakdown of both muscle and liver 
glycogen. 

Gluconeogenesis——No evidence has been ob- 
tained that liver extract stimulates gluconeo- 
genesis; all the experimental results can be 
explained without assuming this phenomenon, 
On the other hand, it has not been demonstrated 
that gluconeogenesis does not occur. Clarifica- 
tion of this issue must await at least partial 
purification of the liver extract and accumulation 
of further data on muscle glycogen. 


Ability of the Tissues to Metabolize Dextrose. 
—It has been demonstrated that administration 
of liver extract causes a rise in the respiratory 
quotient of normal animals. This is prima facie 
evidence that the ability of the tissues to metalo- 
lize dextrose is not impaired. It is possible 
however, to obtain high respiratory quotients by 
another mechanism—through the production of 
an acidosis with blowing off of the carlon 
dioxide. 

If the action of liver extract were through 
a shift in bicarbonate balance of the blood, either 
because of the liberation of lactic acid or as a 
result of some other factor, an effect should be 
observed in diabetic as well as in normal ani- 
mals. This was not the case. On correction of 
the values obtained by subtracting the 0.01 in- 
crease in respiratory quotient noted in depan- 
creatized rats, it is found that administration of 
liver extract caused a rise in respiratory quotient 
of 0.05 in fasting and of 0.06 in dextrose-ied 
normal animals. These increases are significant. 

It is seen, therefore, that the respiratory quo- 
tients of rats unable to metabolize dextrose did 
not change, while the respiratory quotients of 
normal rats increased under administration of 
liver extract. It must, then, be concluded that 
liver extract does not affect (adversely at least) 
the ability of the tissues to metabolize dextrose. 
It is likely that the increased combustion of dex- 
trose noted in the normal rats is simply an ex- 
pression of the law of mass action, since dextrose 
levels in their body fluids were markedly in- 
creased. 

Mechanism of Action—The problem now re- 
mains of the mechanism through which the action 
of liver extract takes place. It has already been 
pointed out that there is no diminution of the 
ability of the tissues to metabolize carbohydrate 
and that the effects observed can be accounted 
for by a discharge of liver and muscle glycogen. 
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This may take place as a result of one or more 
of the following possibilities: 

(a) The liver extract used may contain some 
toxic substance which affects in an unphysiologic 
manner the glycogen storehouse of the body. 
An example of this type of action is the dis- 
turbance of carbohydrate metabolism occasionally 
found in catarrhal jaundice. 

(b) The liver extract may contain or stimulate 
the release of some substance known to affect car- 
bohiydrate metabolism “physiologically.” Thus, 
many chemicals (e. g., morphine) produce hy- 
perzlycemia through stimulation of the adrenal 
medulla. 

-) The extract may contain or stimulate the 
releise of some active substance not hitherto 
known to affect carbohydrate metabolism. 

he first of these possibilities seems unlikely, 
for { a toxin were being frequently administered 
it . probable that the organism would react 
eit. cr by developing an antibody to the foreign 
merial or by gradually succumbing to its in- 
flu-nce and manifesting signs of progressive 
to» city. Furthermore, damage to the tissues 
lved might be demonstrable microscopically. 
H. wever, this is not the case. Several animals 
wee given repeated injections of liver extract 
for periods up to two hundred days (one quarter 
of ‘heir life span) without showing any altera- 
tio: in the response to the extract or any sign 
of ill health. Furthermore, no constant his- 
tol gic change could be found. 

The second possibility is a much more prob- 
able one. Most drugs producing hyperglycemia 
do so through a stimulation of the adrenal me- 
dulia. However, there are certain important dif- 
ferences between the action of liver extract and 
that of epinephrine. Cori and Cori, after a 
thorough study of the action of epinephrine on 
carbohydrate metabolism,’® concluded that the 
effects of that substance are due to a decrease 
in the utilization of carbohydrate by the tissues 
and a marked breakdown of muscle glycogen to 
lactic acid. They found that, although liver gly- 
cogen diminishes in the first fifteen minutes after 


19. Cori, C. F., and Cori, G. T.: The Mechanism of 
Epinephrine Action: I. The Influence of Epinephrine 
on the Carbohydrate Metabolism of Fasting Rats, with 
a Note on New Formation on Carbohydrates, J. Biol. 
Chem. 79:309, 1928; II. The Mechanism of Epinephrine 
Action: The Influence of Epinephrine and Insulin on 
the Carbohydrate Metabolism of Rats in the Postabsorp- 
tive State, ibid. 79:321, 1928; III. The Influence of 
Epinephrine on the Utilization of Absorbed Glucose, 
ibid. 79:343, 1928; IV. The Influence of Epinephrine 
on Lactic Acid Production and Blood Sugar Utilization, 
ibid. 84:683, 1929; V. Changes in Liver Glycogen and 
Blood Lactic Acid After Injection of Epinephrine and 
Insulin, ibid. 86:375, 1930. 


an injection of epinephrine, the rate of glyco- 
genesis from lactic acid soon exceeds the rate of 
hepatic glycogenolysis, so that liver glycogen is 
normal at the end of one hour and considerably 
increased at the end of three or four hours. Liver 
extract, on the other hand, has been shown not 
to decrease utilization of dextrose by the tissues, 
to cause only a moderate decrease in muscle 
glycogen and to cause a striking decrease in 
liver glycogen three or four hours after injec- 
tion. Furthermore, although Cori and Cori were 
able to produce a considerable hyperglycemia in 
fasting rabbits and in rats in the absorptive state, 
they failed to do so in fasting rats. 

Two points may be raised in question of the 
complete validity of the arguments just stated. 
First, the subcutaneous injection of epinephrine 
in the Cori experiments may not be entirely 
comparable in its effects on glycogen stores to 
the constant stimulation of the adrenal medulla 
that may be exerted by liver extract. This may 
be the case, although it seems somewhat improb- 
able. It is difficult to see how a difference in 
liberation of epinephrine could reverse an effect 
on the respiratory exchange. Secondly, the 
failure to obtain significant hyperglycemia in 
fasting rats given injections of epinephrine, 
as well as the increase in liver glycogen noted, 
may be related to the dose used rather than to 
any specific action of epinephrine. Again, this 
may be so, although it seems unlikely that a 
hormone whiclt has a definite and well authen- 
ticated action on blood sugar and on carbohydrate 
stores should in these experiments be the mech- 
anism of an entirely dissimliar effect. And while 
it is true that the rats treated in this study were 
not, strictly, fasting animals, it is difficult to see 
how the administration of 93 mg. of carbohydrate 
per hundred grams of body weight to an animal 
maintaining a respiratory quotient of 0.79 for 
several hours would explain a difference of 
130 mg. per hundred cubic centimeters in blood 
sugar four hours later. 

It must be concluded, therefore, that the action 
of liver extracts in these experiments is not 
similar to the action of epinephrine on carbo- 
hydrate metabolism as described in the literature. 
This conclusion is supported by the work of 
Buttner,’ who obtained a hyperglycemic response 
on injection of liver extract into adrenalectomized 
animals. 

Reports of substances other than epinephrine 
or drugs acting through the adrenals which mo- 
bilize glycogen stores and produce a striking 
hypergycemia have not been encountered in a 
brief survey of the literature. It is suggested, 
therefore, that the actions reported in this study 
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are due to a substance not hitherto known to 
affect carbohydrate metabolism and acting specifi- 
cally on the mechanisms of formation or break- 
down of glycogen. It is hoped that future 
investigation will shed light on the physiologic 
processes involved. 


Feeding of Dextrose and Injection of Liver 
Extract——Of 3 animals fed dextrose by stomach 
tube and given an injection of liver extract and 
four hours later again fed dextrose and given 
another injection of the extract, all died, 2 dur- 
ing the fifth hour and 1 during the ninth. Ani- 
mals given repeated injections of liver extract 
but not fed remained well. The rats that were 
fed dextrose and given injections of the extract 
seemed well shortly after the first injection; 
when next seen, at the time of the second injec- 
tion, they were listless and flabby and not as 
reactive as usually. After the second feeding 
and injection they rapidly grew weaker and were 
later found dead. 

Autopsy of these rats revealed no evidence 
of peritonitis or any other consequence of an 
error in technic. Unfortunately, histologic sec- 
tions were not obtained. Explanation of these 
mortalities will not be attempted until further 
studies are undertaken, but it is suggested that 
they may represent a fatal intensification of the 
disturbance in carbohydrate equilibrium which 
was produced by liver extract, similar perhaps 
(by analogy only) to the effect obtained by 
administering a large amount of carbohydrate to 
a diabetic patient in delicate equilibrium. 


The Liver Extract—Some progress has been 
made in fractionation of the liver extract, and it 
is hoped that a much purer preparation will 
be available for future experiments. The rela- 
tion between reducing power and biologic activity 
is not entirely clear; if the activity of fraction 
42 is confirmed it should be easy to demonstrate 


that the reducing substance and the glycogeno- 
lytic principle are separate entities. The nature 
of the reducing substance has not been definitely 
established ; the formation of glucosazone and the 
resistance to fermentation indicate it to be fruc- 
tose or mannose. It is hard to understand why 
either of these hexoses should be found in such 
concentrations in liver extract. Of the two, 
fructose is more probable as a tissue constituent. 

Future Investigation.—It is obvious that many 
ot the problems discussed here will require fur- 
ther study. Experimentation will be continued 
along the following lines: 

1. Purification of the glycogenolytic principle. 

2. Effect of liver extract on carbohydrate 
stores, with obtaining of enough data to make 
it possible to draw up a carbohydrate balance 
sheet. 

3. Effect of liver extract on the medullo- 
adrenalectomized animal. 

4. Effect of liver extract on the lactic acid 
content of the blood. 


SUMMARY AND CONCLUSIONS 


The existence in some liver extracts of a sub- 
stance, not identical with the antianemic facior, 
capable of producing glycogenolysis, hyperyly- 
cemia and glycosuria in the normal rat has been 
demonstrated. It has been shown that this prin- 
ciple does not depress utilization of carbohydrate 
by the tissues and that its action is therefore 
not similar to that of epinephrine. 

The glycogenolytic principle is water soluble, 
heat stable, and dialyzable through cellophane. 
It is not a protein. It is less active when given 
by mouth than when introduced parenterally. 
It is resistant to acid, although it loses some 
activity in alkali. A partial purification has been 
accomplished. 
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GASTROEN TEROLOGY 
A REVIEW OF THE LITERATURE FROM JULY 1943 TO JUNE 1944 


WALTER LINCOLN 


PALMER, M.D.; DAVID S. HARMAN, M.D. 
AND 


WILLIAM E. RICKETTS, M.D. 
CHICAGO ‘ 


(Continiied from page 278) 


DUODENUM 

Diverticula—Warren and Emery *** review 
the literature on duodenal diverticula and report 
a study of 103 cases. No typical symptomatol- 
ogy was found. Diverticula in the first portion 
of the duodenum are usually of the false type, 
pockets associated in most instances with 
duodenal ulcer; those in the second portion are 
usually a true herniation of the mucosa through 
the muscular wall, a fair number of these con- 
taining inclusions of pancreatic tissue. In 4 of 
the cases there was evidence of inflammation 
within the sac. In a fifth case the diverticulum 
was surrounded by a phlegmonous inflammation ; 
the patient died of a purulent meningitis, hepa- 
titis and endocarditis, but the pathologist was 
unable to determine the relationship between 
these infections and the diverticulum. Pearse 
discusses 88 the indications for operation and 
describes a technic for the removal of peri- 
Vaterian diverticula. 

Obstruction.—Morlock and Gray **° report the 
case of a girl aged 16, who had attacks of painless 
vomiting intermittently all her life until at opera- 
tion there was found an internal herniation of the 


third portion of the duodenum through a small - 


rent in the mesentery, with resultant obstruction 
and dilatation of the duodenum. Incomplete 
rotation of the ascending colon was also present. 
The patient was cured. McCarty and Present **° 
describe a mesenteric pouch hernia resembling a 
paraduodenal hernia and discuss the anatomy and 
clinical features of both types. Acute duodenal 
obstruction due to calcified tuberculous retro- 
peritoneal glands is reported.*** 


237. Warren, H. A., and Emery, E. S.: Duodenal 
Diverticula with Special Reference to Their Symp- 
tomatology, Gastroenterology 1:1085-1099, 1943. 

238. Pearse, H. E.: The Surgical Management of 
Duodenal Diverticula, Surgery 15:705-712, 1944. 

239. Morlock, C. G., and Gray, H. K.: Congenital 
Duodenal Obstruction, Ann. Surg. 118:372-376, 1943. 

240. McCarty, R. B., and Present, A. J.: A Mesen- 
teric Pouch Hernia Simulating Paraduodenal Hernia, 
Surg., Gynec. & Obst. 78:643-648, 1944. 


Cyst—A case of enterogenous cyst of the 
duodenum is added to the 9 previously reported 
in the literature.?4? 


Rupture.—Johnson *** reports on retroperito- 
neal rupture of the duodenum resulting from 
blunt trauma with cure effected by operation 
and reviews 52 cases from the literature. 


Cancer.—Howard,*** in reviewing the litera- 
ture of carcinoma of the duodenum, found 55 
instances recorded in 117,433 autopsies, an 
incidence of 0.047 per cent. In 10,340 cases of 
carcinoma of the intestines the incidence of car- 
cinoma of the small intestine was 1.47 per cent. 
Of 163 cases of carcinoma of the small intestine, 
involvement of the duodenum was found in 37 
per cent, of the jejunum in 37 per cent and of the 
ileum in 28 per cent. In the duodenum car- 
cinoma was found in the first portion in 34 per 
cent, in the second portion in 45 per cent, and 
in the third portion in 21 per cent. Carcinomas 
of the duodenum are generally conceded not to 
arise from preexisting ulcers, are seldom asso- 
ciated with polyposis, most commonly occur in 
a stenosing form and less frequently assume a 
polypoid structure. They metastasize late and 
then usually involve only adjacent tissues. Few 
symptoms are produced until the lumen of the 
duodenum becomes obstructed. In the first 
portion of the duodenum the symptoms simulate 
pyloric carcinoma; in the second portion they 
simulate carcinoma of the ampulla of Vater, with 
jaundice, fever and sepsis; in the third portion 
they are characterized by obstruction with bile 
in the gastric contents. 


241. Solis-Cohen, L.; Levine, S.; Skversky, N. J., 
and Zaslow, J.: Acute Complete Duodenal Obstruc- 
tion, Am. J. Surg. 62:290-292, 1943. 

242. Orgias, R.: Enterogenous Cyst of the Duode- 
num, Brit. J. Surg. $1:90-93, 1943. 

243. Johnson, M. L.: Traumatic Retroperitoneal 
Rupture of the Duodenum: Presentation of a Case and 
Review of the Literature, Arch. Surg. 48:372-380 
(May) 1944. 

244. Howard, J. W.: Carcinoma of the Duodenum, 
Am. J. M. Sc. 206:735-746, 1943. 
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Brunschwig and Templeton,”** in discussing 
the roentgenographic diagnosis of neoplasms of 
the periampullary region’ of the duodenum, 
emphasize irregularities in the duodenal outline, 
stiffness of the involved segment, changes in the 
mucosal markings and Frostber’s “reversed 3” 
sign. Cohn *** reports 2 cases of carcinoma of 
the duodenum in which the diagnosis was made 
preoperatively on the roentgenologic demonstra- 
tion of an abnormal mucosal pattern; in both the 
onset was insidious and asymptomatic until ob- 
structive symptoms appeared; the cancer devel- 
oped above the ampulla, and hence there was no 
jaundice. 

Grove and Rasmussen *** report obstructive 
jaundice in a 59 year old man in whom a benign 
papilloma of ampulla of Vater the size of a 
walnut was found and removed at operation. 
Watson **§ describes a carcinoma of the ampulla 
removed successfully in a two stage resection. 
A case of infrapapillary adenocarcinoma of the 
duodenum is added to the 46 already in the 
literature.** 

A parapyloric duodenal adenocarcinoma simu- 
lated duodenai ulcer preoperatively and remained 
cured five years following operation.?°° Child 2°* 
reports a case of pancreaticoduodenal carcinoma 
with symptoms of one month’s duration in which 
radical pancreaticoduodenectomy was performed 
in one stage. The patient remained relatively 
free of symptoms for fourteen months, at which 
time reexploration revealed massive recurrenc 
of the tumor. 


Sarcoma.—Bisgard and Cochran **? describe 
primary lymphosarcoma successfully resected, 
although the patient died three months later. 


245. Brunschwig, A., and Templeton, F. E.: Roent- 
genographic Diagnosis of Neoplasms of the Peri- 
Ampullary Region and Head of the Pancreas, Radiol- 
ogy 41:438-443, 1943. 

246. Cohn, I.: Carcinoma of the Duodenum, Ann. 
Surg. 119:342-350, 1944. 

247. Grove, L., and Rasmussen, E. A.: Benign Papil- 
loma of the Ampulla of Vater, Am. J. Surg. 64:141- 
143, 1944. 

248. Watson, K.: Carcinoma of Ampulla of Vater: 
Successful Radical Resection, Brit. J. Surg. 31:368- 
373, 1944. 

249. Felsen, J., and Wolarsky, W.: Primary Infra- 
papillary Adenocarcinoma of the Duodenum, Arch. 
Path. 36:428-431 (Oct.) 1943. 

250. Burke, E.; Perkel, L. L., and Gnassi, A. M.: 
Duodenal Carcinoma, Am. J. Surg. 62:267-271, 1943. 

251. Child, C. G.: Carcinoma of Duodenum: One- 
Stage Radical Pancreatico-Duodenectomy Preserving 
the External Pancreatic Secretion, Ann. Surg. 118: 
838-842, 1943. 

252. Bisgard, J. D., and Cochran, R. M.: Primary 
Sarcoma of Duodenum: Resection with Head of Pan- 
creas by One-Stage Whipple Operation, Am. J. Surg. 
61:425-429, 1944. 


Williams *** reports a case of leiomyosarcoma 
which perforated, resulting in peritonitis and 
death of a 30 year old woman thirty-six hours 
post partum. In McCullough’s *** case a leio- 
myosarcoma was complicated by ulceration, 
sinus formation and metastatic abscesses of the 
liver, lungs and heart. 


SMALL INTESTINE 


Physiology.—Miller,?** in reviewing the in- 
vestigations carried on in his clinic by means 
of small intestinal intubation, discusses intestinal 
absorption and the effects of drugs and of intes- 
tinal obstruction on the motility of the small 
bowel. Hamrick *°* describes a method for the 
introduction of the Miller-Abbott tube in which 
air is injected into the stomach through the tube 
to aid its passage into the duodenum. Gius and 
Racely *** describe a simple, easily constructed, 
portable suction device dependent on the {act 
that a tire pump will provide suction when the 
plunger is reversed and designed primarily for 
use with the Miller-Abbott tube. It is effective, 
is simple and can be managed almost entirely by 
the patient himself. 

Van Liere and co-workers,”** in studying the 
effects of anoxia, found that the motility of the 
small intestine of dogs was unaffected by the 
partial pressures of oxygen between 80 anc 43 
mm. of mercury and that of mice with pressures 
above 94 mm. In the colon, anoxia produced a 
diminution in the contractions of both the longi- 
tudinal and the circular muscles. The influence 
of various agents affecting the autonomic ner- 
vous system was studied by giving a powdered 
charcoal mixture to matched pairs of unanesthe- 
tized dogs by stomach tube, using one anima! as 
a control and its mate as the experimental subject 
and killing both after an appropriate interval, to 
determine the distance the charcoal mixture had 


253. Williams, M. H. L.: A Case of Perforating 
Leiomyosarcoma of the Duodenum Associated with 
Parturition, M. J. Australia 1:585-586, 1944. 

254. McCullough, K.: Leiomyosarcoma of the Duo- 
denum, New York State J. Med. 44:1248-1249, 1944. 

255. Miller, T. G.: Observations on the Human 
Digestive Tract by Intubation, Proc. Chicago Inst. 
Med. 15:118-129, 1944. 

256. Hamrick, W. H.: A Technic for Introducing 
the Miller-Abbott Tube, U. S. Nav. M. Bull. 41:1737- 
1742, 1943. 

257. Gius, J. A., and Racely, C. A.: A New Port 
able Suction Apparatus for Use with the Miller 
Abbott Tube, Surgery 15:574-578, 1944. 

258. Van Liere, E. J.; Northup, D. W.; Stickney, 
J. C., and Emerson, G. A.: The Effect of Anoxia 
on Peristalsis of the Small and Large Intestine, Am 
J. Physiol. 140:119-123, 1943. 
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traversed the small intestine.°® Ergotamine 
increased the motility of the small intestine 27 
per cent and neostigmine 38 per cent. 

Ingelfinger *®° has written a comprehensive 
review of the effect of drugs, endocrine sub- 
stances and vitamins on intestinal motility. 
Huidobro, Montero and Cuevas ?* found that 
nitroglycerin does not affect intestinal move- 
ments but amyl nitrate and, to a lesser extent, 
theophylline ethylenediamine decrease movement 
and tonus. Pitressin and, to a lesser extent, 
neostigmine increase the spontaneous motility of 
the small intestine. Atropine sulfate and mor- 
phine decrease the motor activity, and the latter 
sliglitly increases the tonus. 

Meyer and associates,**? having reported in 
previous papers that the salivary, gastric and 
pan reatic secretions are diminished in the aged, 
proveded to study intestinal absorption by 
mes of the Althausen galactose absorption 
tes!. At the end of thirty minutes the group 
wit!) an average age of 20.5 years absorbed 
ap} oximately 50 per cent more galactose than 
the vroup with an average age of 76.6 years. 
Aft.» sixty minutes the values for the two groups 
wer’ approximately the same; after ninety 
minutes the older group had the higher values, 
thu. giving further evidence of the delay in 
absorption. 

and Davison studied the specific 
gra\ity, surface tension, py, trypsin and amylase 
content and the rate of flow of the duodenal 
fluid in 9 infants with normal digestion, 1 suffer- 
ing ‘rom sprue and 1 from acute diarrhea. The 
patient with acute diarrhea had a pronounced 
reduction of duodenal trypsin and amylase. In 
the others the surface tension of the duodenal 
contents was stable in spite of variations in the 
rate of flow and concentration of enzymes and 
bile acids. Walker,?** in in vitro studies, found 


259. Van Liere, E. J.; Northup, D. W., and Stick- 
ney, J. C.: The Influence of Agents Affecting the 
Autonomic Nervous System on the Motility of the 
Small Intestine, Am. J. Physiol. 141:462-465, 1944. 

260. Ingelfinger, F. J.: The Modification of Intes- 
tinal Motility by Drugs, New England J. Med. 229: 
114-122, 1943. 

261. Huidobro, F.; Montero, E., and Cuevas, F.: 
The Effect of Drugs on the Motility of the Jejuno- 
ileum in Normal Man, Surg., Gynec. & Obst. 78:471- 
476, 1944, 

262. Meyer, J.; Sorter, H.; Oliver, J., and Necheles, 
H.: Studies in Old Age: VII. Intestinal Absorption 
in Old Age, Gastroenterology 1:876-881, 1943. 

263. Kajdi, L., and Davison, W.: Chemical and 
Enzymic Studies of the Duodenal Contents of Infants, 
J. Pediat. 23:204-214, 1943. 

264. Walker, F.: The Effect of Caffein in Coffee 
Extract on the Activity of the Digestive Enzymes, 
Am. J. Physiol. 139:343-346, 1943. 


that caffeine had no effect on the activity of the 
digestive enzymes: ptyalin, pancreatic amylase, 
pepsin, trypsin and pancreatic lipase. Coffee 
extract did not affect the digestion of casein by 
pepsin or trypsin; it increased the rate of diges- 
tion of starch by salivary and pancreatic amyalse 
and retarded the digestion of olive oil by pan- 
creatic lipase. 

Fink and Nasset **° have provided a method 
for the bioassay of enterocrinin, the hormone 
which excites the secretory glands of the intes- 
tine, the principal feature of the method being 
that it gives accurate and reproducible results 
quickly by precise treatment of the time factor. 
A statistical analysis of data on 9 dogs shows a 
closer correlation between dose and response 
when the dose of enterocrinin is given without 
reference to the weight of the dog than when it 
is given on a per kilogram of weight basis. 
Secretin, likewise, was found to give more uni- 
form responses in different dogs if the same 
dose was given, regardless of body weight, 
whereas the vasodilatins present in intestinal 
extracts are best expressed on a per kilogram 
basis. Fink *6* describes a procedure for obtain- 
ing highly potent preparations of enterocrinin. 
The potency has been increased to over three 
hundred times that of the crude extract. 

Forster, Helm and Ingelfinger *** conducted 
experiments in order to determine whether or not 
action potentials could be elicited from the intact 
human intestine and, if so, whether these 
potentials could be correlated with mechanical 
evidence of contraction and with the electrical 
potentials of smooth muscle as determined in 
animal experiments. In 1 patient with an 
ileostomy the contractions were observed directly 
and in 4 patients indirectly with use of a Miller- 
Abbott tube. The electrical potentials correlated 
with the mechanical evidence of contraction and 
in all essential respects were similar to the 
activity of isolated preparations of smooth 
muscle. 

Radiosodium was employed as a tracer in 
measuring rates of sodium ion movement into 
and out of the gut at several levels in chronic 
surgically prepared segments of dog intestine.?® 


265. Fink, R. M., and Nasset, E. S.: The Physio- 
logical Response to Enterocrinin Considered Quantita- 
tively, Am. J. Physiol. 189:626-632, 1943. 

266. Fink, R. M.: The Fractionation of Entero- 
crinin Preparations, Am. J. Physiol. 189:633-637, 1943. 

267. Forster, F. M.; Helm, J. D., Jr., and Ingel- 
finger, F. J.: The Electric Potentials of the Human 
Small Intestine, Am. J. Physiol. 139:433-437, 1943. 

268. Visscher, M. B.; Varco, R. H.; Carr, C. W.; 
Dean, R. B., and Erickson, D.: Sodium Ion Move- 
ment Between the Intestinal Lumen and the Blood, 
Am. J. Physiol. 141:488-505, 1944. 
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Sodium ions move in both directions across the 
intestinal epithelium at measurable rates under 
all conditions studied. There is in general a 
descending aboral gradient in movement of 
sodium from blood to intestine, the movement 
being least in the colon. The same holds for 
movement in the intestine to blood direction, 
except that there is probably little difference 
between ileum and colon. The rates of movement 
both out of and into the gut are both positively 
correlated with the sodium ion concentration in 
the small intestine. The colon possesses a more 
efficient absorbing mechanism. The observations 
stress the importance of dynamic factors in 
determining the apparent permeability of living 
membranes. 

Smith and Bergmenn *°° describe the prepara- 
tion of 1-leucine-aminoexopeptidase from swine 
intestinal mucosa together with evidence of the 
presence in swine mucosa of enzymes that 
hydrolyze various glycines. 

Further information regarding the amount of 
small intestine required for the preservation of 
life is provided by 2 cases described by Prio- 
leau,?*° In the first the patient survived the 
resection of 260 cm. of small intestine and 31 
cm. of sigmoid colon followed by two subsequent 
major operations to reestablish the continuity of 
the bowel. In the second case the patient sur- 
vived the removal of 354 cm. of small intestine 
and 40 cm. of sigmoid. The first patient, from 
whom approximately 40 per cent of the small 
bowel was removed, remained well; in the 
second, who lost an estimated 53 per cent of his 
small intestine, diarrhea, emaciation and edema 
developed and he died in four months. These 
observations are thus in accord with the view 
that the upper limit of tolerated resection is 
50 per cent. 

Roentgenology.—Schatzki points out that 
in all parts of the gastrointestinal tract except 
the small intestine the examination is performed 
by observing roentgenoscopically the actual fill- 
ing of the organ in question and then by studying 
the partially or completely filled organ. In the 
small intestine this may be accomplished by 
introducing barium sulfate solution through a 
duodenal tube. The barium reaches the cecum 
in an average time of fifteen minutes. The 
advantages of the method are: The small intes- 


269. Smith, E. L., and Bergmenn, M.: The Pepti- 
dases of Intestinal Mucosa, J. Biol. Chem. 153:627- 
651, 1943. 

270. Prioleau, W. H.: Massive Resection of the 
Small Intestine: Report of Two Cases, Ann. Surg. 
119:372-376, 1944. 

271. Schatzki, R.: Small Intestinal Enema, Am. J. 
Roentgenol. 50:743-751, 1943. 
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tine is seen filled in its entirety; the actual 
filling of the small intestinal loops can be 
observed roentgenoscopically; dehydration of 
the barium mixture, as in the usual peroral 
examination of the small intestine, resulting in 
a lumpy incomplete filling of the ileum, does not 
occur; an adequate examination of the ileocecal 
valve and cecum can be made when a rectal 
enema is contraindicated ; the time required for 
the examination is shorter than with the con- 
ventional method. The disadvantages of the 
method are: There are annoyances and difficul- 
ties associated with the introduction of the duo- 
denal tube; the purpose of the examination is 
defeated if the filling of the small intestine takes 
place very slowly, due usually to reflux into 
the stomach; functional changes in the small 
intestine are best studied by the conventional 
examination. Cases in which the method is 
contraindicated consist of those cases in which a 
routine gastrointestinal examination is contra- 
indicated, cases of suspected gangrene of the 
bowel and cases of active duodenal ulcer. 

In 5 dogs hypoproteinemia and edema had 
no significant effect on the rate of intestinal 
absorption of galactose and aminoacetic acid.*” 
Roentgeriologic observation after the administra- 
tion of barium sulfate showed in some of the 
roentgenograms of the small intestine during 
edema a moderate clumping of the barium and 
segmentation. 

Anomalies.—Grove *** reports duplication of 
the terminal ilium associated with two congenital 
diverticula. Glover and Garvin *** report intes- 
tinal obstruction in a newborn infant in whom 
three anomalies were found at _ operation. 
Adhesive bands constricting the duodenum and 
a loop of jejunum passing through a hole im 
the mesentery together caused the obstruction 
and were associated with a third anomaly, partial 
volvulus of the nonrotated cecum. Recovery 
followed relief of the obstruction. Dolton *” 
reports intestinal obstruction due to herniation 
through a mesenteric defect. Stock and Can- 


272. Beams, A. J.; Free, A. H., and Leonards, 
J. R.: Experimental Hypoproteinemia and Edema: 
Studies of Intestinal Absorption and Intestinal Roent- 
genologic Characteristics, Arch. Int. Med. 73:397-402 
(May) 1944. 

273. Grove, E. W.: Duplication of the Terminal 
Ileum: Report of a Case Associated with Two Con- 
genital Diverticula, South. M. J. 36:735-736, 1943. 

274. Glover, D. M., and Garvin, J. A.: Multiple 
Jejunal Congenital Anomalies with Intestinal Obstruc- 
tion, Ohio State M. J. 39:734-735, 1943. 

275. Dolton, E. G.: Mesenteric Defects, 
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non “7° report on a 3 day old child with symptoms 
of intestinal obstruction found at autopsy to 
have a blind end of the small bowel 3 inches 
(7.5 cm.) beyond the duodenojejunal flexure. 


olvulus—Barbosa *** reports on volvulus of 
the entire small intestine treated by detorsion, 
with recovery. 

Intussusception.—Good *** discusses the diag- 
nosis of enteroenteric intussusception roentgeno- 
logically after administration of barium sulfate 
by mouth. The characteristic observations are: 
gradual narrowing of the lumen of the bowel as 
it approaches the intussusception; pronounced 
narrowing of the lumen through the intussuscep- 
tion; retrograde filling of the space between the 
intussusceptum and the intussuscepiens, with 
the formation of a characteristic “concentric 
rine” or “spiral sheath” appearance, and a 
palpable mass coincident with a filling defect 
in the barium column. Though enteroenteric 
intussusception is usually secondary to some 
other lesion of the bowel, the latter is seldom 
identifiable by the examination. Good considers 
the administration of barium by mouth to be 
saic if a barium sulfate enema has excluded 
obstruction of the colon. 

Gibbs and Sutton **° review 92 cases of intus- 
susception in infants and children observed over 
sixteen years. Scott *®° presents a case of jejunal 
intussusception, thought to be the second in the 
literature. The patient was a 6 day old infant, 
with vomiting and passage of blood by rectum. 
Clark *8* reports on an irreducible double intus- 
susception due to an invaginated Meckel 
diverticulum complicated by volvulus of the 
affected portion of bowel. Leiter *8? reports 
ileoileal intussusception due to a Meckel divertic- 
ulum in a 14 year old boy. Recovery followed 
resection of the intussusception with ileotrans- 
verse colostomy. 


276. Stock, F. E., and Cannon, D. A.: Atresia of 
the Small Intestine, Brit. J. Surg. 31:96-97, 1943. 

277. de Castro Barbosa, J.: Volvulus of the Entire 
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400-404, 1944, 

278. Good, A. C.: Enteroenteric Intussusception, 
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279. Gibbs, E. W., and Sutton, P. W.: Intussuscep- 
tion — Ninety-Two Cases in Infancy and Childhood, 
Surgery 14:708-718, 1943. 

280. Scott, E. P.: Jejunal Obstruction: Report of 
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567, 1943. 
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Volvulus, Brit. J. Surg. 31:301-303, 1944. 

282. Leiter, H. E.: Intussusception Due to Meckel’s 
Diverticulum: Recovery Following Resection and Ileo- 
orgs Colostomy, J. Mt. Sinai Hosp. 10:789-791, 
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Stenosis and Adhesions—-A 61 year old man 
with episodes of abdominal pain accompanied 
with nausea and vomiting was found at operation 
to have a strangulated bowel.*** It was freed of 
adhesions, but the attacks of abdominal pain con- 
tinued. At the second operation the stenosis was 
found to be caused by cicatricial tissue involving 
8 cm. of the bowel. Henry *** records a 30.6 per 
cent mortality in 219 cases of nonmalignant 
intestinal obstruction. In 77 cases simple release 
of adhesions resulted in a 15.5 per cent mortality. 
In 29 cases enterostomy for decompression was 
carried out, with a 41.4 per cent mortality. In 
35 cases resection was necessary, the mortality 
being 57 per cent. 

Bezoar.—A trichobezoar in the terminal por- 
tion of the ileum resulted in volvulus, infarction 
of the bowel, peritonitis and death in a 13 year 
old girl.?% 

Rupture.—Ficarra *** reports 16 interesting 
cases of nonpenetrating abdominal injuries with 
traumatic perforation of the small intestine. 

Aneurysm.—Hiller and Johnson **" review the 
literature of rupture of abdominal aneurysms in 
the intestinal tract and report on a 76 year old 
white man who complained for six weeks of con- 
stant epigastric pain, anorexia, intermittent 
nausea and abdominal distention. The guaiac 
test of the stools gave positive results on several 
examinations; the result of a roentgenologic 
examination of the gastrointestinal tract was 
reported negative. The patient suddenly became 
semicomatose, passed large amounts of blood 
by rectum and died. An arteriosclerotic aneu- 
rysm of the abdominal aorta perforating into the 
jejunum was present at autopsy. 

Gallstone Ileus—Rankin and Eger *** report 
3 cases of intestinal obstruction due to gallstones. 
In 2 the obstruction was high in the jejunum 
and in the third at the ileocecal junction. Nitkin 


283. Tanner, N. C., and Bratton, A. B.: A Case of 
Intestinal Stenosis Following Strangulation with a 
Pathological Description, Brit. J. Surg. 31:88-90, 1943. 

284. Henry M. J.: Non-Malignant Intestinal Ob- 
struction, South. M. J. 37:69-72, 1944. 

285. Forbes, R. P.: Bezoar Causing Intestinal Ob- 
struction, J. Pediat. 24:574-576, 1944. 

286. Ficarra, B. J.: Traumatic Perforations of the 
Small Intestine Due to Non-Penetrating Abdominal 
Injuries, Surgery 15:465-475, 1944. 

287. Hiller, G. I., and Johnson, R. M.: Abdominal 
Aortic Aneurysm: Rupture into the Jejunum Preceded 
by Ocult Blood in the Stool, Am. J. M. Sc. 207:600- 
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288. Rankin, L. M., and Eger, S. A.: Intestinal 
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448, 1944. 
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and Lesser *** describe intestinal obstruction due 
to gallstone with preoperative roentgen visual- 
ization of the biliary radicles. Of 36 such roent- 
genologically studied cases previously reported 
in the literature visualization of the biliary tract 
was observed preoperatively in 22. The follow- 
ing signs of gallstone ileus are recognized: air 
or contrast medium in the biliary tract ; complete 
or partial intestinal obstruction as noted by 
distended loops of bowel, with visualization of 
the stone by a plain film or by the ingestion of a 
barium sulfate meal permitting the outlining of 
a radiolucent calculus; change in position of a 
previously observed stone. Utilization of in- 
testinal intubation preoperatively contributes 
materially to the management in such cases by 
decompression of the bowel and by permitting 
the administration and subsequent removal of 
barium for the identification of the obstruction. 
A 74 year old woman with a history of biliary 
colic after five days in the hospital for biliary 
colic had sudden acute pain in the lower part 
of the abdomen followed by symptoms of acute 
intestinal obstruction.*°° The Miller-Abbott tube 
was passed; the general improvement was 
so striking that operation was not performed. 
Roentgenologic examination showed a stone in 
the colon and later two big stones were passed 
in the stools. Gastroduodenal roentgenograms 
disclosed a cholecystoduodenal fistula. 


Diverticula—Benson, Dixon and Waugh ** 
present results of an interesting study of 122 
cases of so-called nonmeckélian diverticula, in 
100 occurring in the jejunum, in 17 in the ileum 
and in 5 throughout the intestine. Symptoms 
developed only when complications occurred, as 
they did in 13 cases, chronic intestinal obstruc- 
tion being the most frequent complication. The 
first case of carcinoma of a jejunal diverticulum 
is reported. D’Abreu *** reports the unusual case 
of a 37 year old man with epigastric pain after 
meals, relieved by alkalis and aggravated by 
meat, associated with colic-like abdominal pain 
and alternating diarrhea and constipation. At 
‘operation’ a huge diverticulum of the small bowel 
was found at the junction of the jejunum and 
the ileum. 
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A Meckel diverticulum 18 inches (46 cm.) 
from the ileocecal valve was visualized by a 
barium sulfate Calcified concretions 
are described in a Meckel diverticulum.*** The 
tip of the diverticulum was attached to the tip 
of the appendix, forming a band that caused 
mechanical obstruction. Rudder *®* reports acute 
diverticulitis of the jejunum, with resection and 
uneventful recovery. 

Treatment of Intestinal Obstruction.—Grim- 
son and Hodge *® discuss the use of prolonged 
intubation suction technic in the treatment of 
intestinal obstruction produced by postoperative 
or inflammatory adhesions and present 7 cases 
illustrating the success of this method. However, 
patients with strangulation or recurring attacks 
of obstruction in spite of conservative treatment 
require exploration. Bennett also discusses 
the diagnosis and treatment. 

Sprue and Related Disorders—Crohn** re- 
views the recent advances made in the study of 
the diseases of the small bowel, including sprue, 
the deficiency states, ileojejunitis and regional 
enteritis. Sprue is interpreted by Wilder *® as 
one type of jejunoileal functional insufficiency 
with diminution in absorption of the products of 
digestion as well as of minerals and vitamins. 
Since fats are less readily absorbed than prote:ns 
or carbohydrates in normal persons, it is readily 
understandable that inadequate absorption of iat 
should be responsible for many of the symptoms. 
The excessive amounts of split fat and soaps in 
the stools are characteristic. In the active staves 
of the disease fat in the form of fatty acids and 
soap may constitute 50 per cent or more of the 
dried weight of the stool. Lack of absorption 
of fat causes serious deficiencies of all the fat- 


soluble vitamins, A, D and K, and excessive loss 


293. Poppel, M. H.: The Roentgen Demonstration 
of Meckel’s Diverticulum, Am. J. Roentgenol. 51:205- 
206, 1944. 

294. Gile, J. F., and MacCarty, W. C.: Calcified 
Concretions Within a Meckel’s Diverticulum, Radi- 
ology 41:491-494, 1943. 

295. Rudder, F. F.: 
Jejunum—Case Report, Surgery 14:921-923, 1943. 

296. Grimson, K. S., and Hodge, G. B.: Prolonged 
Intubation Suction and Deferred or Delayed Surgery 
in the Treatment of Multiple Adhesive Obstructions 
of the Small Intestine, Surg., Gynec. & Obst. 78:316- 
326, 1944. 

297. Bennett, L. C.: Diagnosis and Treatment of 
Obstruction of the Small Intestine, Am. J. Surg. 62: 
59-64, 1943. 

298. Crohn, B. B.: Benign Diseases of Small Intes- 
tine, Gastroenterology 2:385-394, 1944. 

299. Wilder, R. M., Jr.: The Nontropical Sprue 
Syndrome: Report of Four Cases and of a Case in 
Which Intestinal Insufficiency Was Corrected by Op- 
eration, Proc. Staff Meet., Mayo Clin. 19:297-302, 
1944, 


Acute Diverticulitis of the | 


|_| 
1 
t 
1 
( 
] 
r 
a 
te 
d 
re 
al 
ic 
S} 
di 
sti 
VI 
m 
ac 
ce 
| mi 
it 
no 
co} 
the 
| sig 
mt 
lea 
per 
dia 
me 
dro 
five 
pan 
| rhe 
The 
not 
on 
for 
30 
Vita 
troer 
30 
tem 
and 
1944, 
30: 
in Ir 
143 


PALMER ET AL—GASTROENTEROLOGY 347 


of calcium in the stools. Delayed absorption of 
dextrose causes a flattened curve in the dextrose 
tolerance test. Likewise, vitamin B complex, 
vitamin C and iron are poorly absorbed. Four 
typical cases are described, with prompt response 
to a low fat diet and large doses of minerals and 
vitamins. A fifth and very instructive case is 
one in which a gastroenterostomy had inad- 
vertently been done between the stomach and 
lower part of the ileum, with resultant fatty diar- 
rhea (62 per cent of the dry weight ) and low level 
of plasma vitamin C. Prompt recovery occurred 
after the gastroenteric stoma was taken down. 
Adlersberg and Sobotka*°® have also called 
attention to the inability of the small intestine 
to absorb fat and the fat-soluble vitamin A 
during an attack of sprue whereas during a 
remission after adequate treatment there is fairly 
satisiactory absorption of both. The fat tolerance 
and vitamin A absorption tests are described in 
four groups of patients: control, with active 
spruce, with inactive sprue and with jejunoileitis. 

\McIntosh,*** in discussing the disorders of the 
dige-tive system leading to vitamin deficiency, 
stat’ - that the failure of absorption of fat-soluble 
vitariins A and K, and to a less extent vita- 
min |), occurs in diseases with jaundice and 
ach ic stools, in fibrosing pancreatitis and in 
celia disease. Fibrosing pancreatitis, often 
mist:\sen for celiac disease, is differentiated from 
it by the demonstration of an absence of the 
nornial pancreatic enzyme from the duodenal 
coptcnts under controlled conditions. Hence, if 
the «xamination of the stool for fat discloses a 
significant degree of impaired fat absorption, one 
must be prepared to go ahead with procedures 
leadiig to a more certain appraisal of pancreatic 
performance. 

In an effort to classify recurrent and chronic 
diarrhea of infancy and childhood, the type of 
metabolic diarrhea known as the “celiac syn- 
drome” has been divided by the Lapin *°* into 
five subtypes, namely: cystic fibrosis of the 
pancreas, intolerance to starch, infantile steator- 
thea, celiac disease and allergic celiac disease. 
The evidence supporting this differentiation is 
not entirely satisfactory to us, but the emphasis 
on quantitative chemical analyses of the stool 
for fat and starch is amply justified. 


300. Adlersberg, D., and Sobotka, H.: Fat and 
Vitamin A Absorption in Sprue and Jejunoileitis, Gas- 
troenterology 1:357-365, 1943. 

301. McIntosh, R.: Disorders of the Digestive Sys- 
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Children, Bull. New York Acad.-Med. 20:25-33, 

302. Lapin, J. H.: Recurrent and Chronic Diarrhea 
in Infancy and Childhood, Am. J. Dis. Child. 67:139- 
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Fritzsche *° reports on lymphosarcomatosis of 
the small intestine and of the mesenteric lymph 
nodes in which the clinical picture was that of 
endemic sprue with chronic fatty diarrhea, swell- 
ing of the abdomen, emaciation, mild anemia of 
the secondary type and roentgenologic evidence 
of a severe jejunitis, ileitis and colitis. The 
disturbance in the absorption of fat was appar- 
ently explained by the extensive infiltration in 
the small intestine, particularly the jejunum and 
upper portion of the ileum and in the mesenteric 
lymph nodes. 

Morlock and Rosenberg ** report the unusual 
association of nontropical sprue and _ severe 
tophaceous gout. 

Forbes and Atkinson *® describe a relatively 
simple titration method for the determination of 
neutral fat, including sterols, and of the. fatty 
acids, including both fatty acids and soaps, in the 
feces. Volk and Popper *°* urge use of the 
fluorescent microscope for the demonstration of 
fat droplets in urine and feces as a better and 
simpler method than staining with sudan III. 


Regional Enteritis—The perplexing problem 
of regional enteritis is well discussed in a recent 
editorial.°°? Pathologically the distinguishing 
features are: 1. Hypertrophy and thickening of 
the wall of the bowel, usually confined to some 
one localized stretch of the mesenteric small 
intestine, most frequently the terminal ileum, and 
varying in extent from a few inches to several 
feet. A bizarre feature of the disease is its occa- 
sional tendency to attack more than one segment 
of the bowel, leaving the intervening segments 
intact. The process may involve the colon down 
to the sigmoid. 2. Resultant narrowing of the 
lumen of the bowel. 3. Hyperplasia of the mu- 
cosa, often with ulceration. 4. Perforation, with 
local or general peritoneal involvement and estab- 
lishment of internal or external fistulas. ‘This 
train of events is usually preceded by hyper- 
plasia of lymphatic tissue and an obstructive 


303. Fritzsche, R.: Syndrom von symptomatischer 
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lymphedema. Microscopically the appearance is 
highly mimetic of tuberculosis; but all attempts 
to demonstrate tubercle bacilli or any other 
causative organism, including the virus of 
lymphogranuloma venereum, have failed. The 
counterpart of the disease has not been observed 
in animals. The diagnosis rests on symptoms 
so complex and varied as to create an almost 
invariable hazard. Crohn’s original classification 
of symptoms is valid today. The disease may 
follow any of four patterns: (1) that of acute 
intra-abdominal disease, resembling most fre- 
quently acute appendicitis ; (2) that of ileocolitic 
diarrheal disease; (3) that of chronic intestinal 
obstruction with supervening acute obstruction ; 
(4) that of fistula (external or internal) forma- 
tion. Differential diagnosis demands considera- 
tion of acute appendicitis, bacillary dysentery, 
acute perforative peritonitis, intestinal obstruction 
and cancer of the bowel. Treatment is usually 
surgical. However the disease frequently recurs 
after surgical removal of the grossly diseased 
‘segments and doubtless heals in many instances 
without resection. 

Holloway *°* presents 13 well studied and 
illustrated cases to show the sequence of the gross 
pathologic changes in the acute, subacute and 
chronic forms. The acute stage is characterized 
by pronounced edema attributed to lymphatic 
blockage and enlarged mesenteric nodes and 
accompanied with free intra-abdominal fluid. The 
subacute stage consists in infiltration, exudation 
and engorgement with a tendency to perforation 
and fistula formation. The chronic stage is 
manifested by stenosis, thickening and tumor 
formation. The acute stage may subside com- 
pletely, and hence conservative treatment is 
recommended. In the chronic stage such resolu- 
tion is unlikely; consequently short-circuiting 
procedures or resection are indicated. Owens *°° 
studied 22 cases and found neuromuscular hyper- 
plasia to be a characteristic and hitherto unre- 
ported feature. Fallis,**° in reviewing 32 cases, 
noted that in 40.7 per cent of them the patients 
had previously had appendectomies and that 30 
per cent of the patients undergoing resection 
required subsequent further resection. 

Wilensky *" gives an interesting description 
of a woman in the fifth decade of life who had 
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Am. J. Surg. 62:225-230, 1943. : 

_ $11. Wilensky, A. O.: Spontaneous Healing in Non- 
specific Granuloma of the Terminal Ileum, Rev. Gastro- 
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undergone an.appendectomy twenty years earlier 
for “chronic appendicitis.” Pain in the right 
lower quadrant of the abdomen recurred from 
time to time, becoming unusually aggravated in 
1940. Roentgenologic examination showed the 
terminal segment of the ileum to be distorted and 
contracted for a distance of 5 inches (13 cm.). 
The patient recovered and remained well. The 
roentgenologic examination two years later 
showed no evidence of a lesion. 
interprets this as a case of nonspecific granuloma 
of the terminal ileum with spontaneous healing. 

Barnes *** describes an instance in which the 
terminal ileum, the ascending colon and part 
of the transverse colon were involved. Resection 
of the terminal ileum and the right half of the 
colon has been performed for combined terminal 
ileitis and colitis.** An unusual and interesting 
case with the diagnosis of regional enteritis of 
the ascending colon is reported and discussed 
by Dr. Castleman, who emphasizes the signifi- 
cance of the presence of giant cells in the patho- 
logic differention of this disease from chronic 
nonspecific ulcerative colitis.*** The report of 
Phillips *** is unusual because the patient was 
a 62 year old white man. 

In a case of nonspecific enteritis involving 
Meckel’s diverticulum, a fistula had developed 
after a previous appendectomy and right sal- 
pingo-oophorectomy.*?® A perforation was found 
in the diverticulum. Regional ileitis with con- 
comitant ureteritis due to extrinsic pressure of 
the mass on the ureter is described.*** After 
removal of the focus of infection and obstruction 
in the intestines, the ureter returned to normal. 

In a 23 year old white man with extensive 
granulomatous jejunoileitis, a pronounced hypo- 
proteinemia which responded only moderately to 
the injection of proteins and amino acids was 
observed.*** A deficiency in pancreatic amylase 
complicated the disease. The oral administra- 
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tion of a concentrated amylase was followed by 
a gain in weight, an increase in serum proteins 
and an apparent inhibition of the growth of 
Monilia albicans in the stools. 


Cyst.—Rosenburg **® reports on an enterog- 
enous cyst of the ileocecal junction. The 
diagnosis may be suggested preoperatively by a 
palpable mass in the right lower abdominal 
quadrant. Pain from distention within the cyst 
is the most frequent symptom, but intestinal 
obstruction due to local pressure of the tumor 
and bleeding from an erosion of a blood vessel 
may occur. Marsupialization is recommended. 

Timoney **° resected successfully a mucocele 
of the appendix with local implantation of 
pseudomyxoma peritonei. 


Benign Tumors—Commenting on the rarity 
of benign neoplasms of the .small intestine, 
Collins *** analyzes 18 cases of neurofibroma 
collected from the literature and reports the case 
of a Negro man, aged 65, with symptoms of acute 
intestinal obstruction of forty-eight hours’ dura- 
tion and a history of a mass in his abdomen for 
one year. At operation a tumor the size of a 
grapefruit and with a twisted pedicle was found. 
Schottenfeld.**? presents a complete discussion 
of lipomas of the small intestine and ileum, 
including a review of the literature and report 
of 6 cases. 

Gordon-Taylor *** reports on a myoma of the 
midintestine resected successfully and also the 
case of a 67 year old man who had unexplained 
recurrent high intestinal bleeding, with no abnor- 
mality found at operation. However, at the 
autopsy, performed a few days later, a tumor 
the size of a small orange was found in the 
middle of the jejunum. The’ tumor, ulcerated 
on its mucosal surface, was histologically a 
leiomyoma. In 1 of 2 cases recurrent melena 
was due to a leiomyoma of the terminal portion 
of the jejunum and in the second to a degen- 
erating leiomyosarcoma of the midportion of the 
ileum.°*4 
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323. Gordon-Taylor, G.: On Severe Intestinal Haem- 
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Golden **° reports that the ileocecal valve is 
rarely large enough to produce a recognizable 
indentation on the shadow of the barium-filled 
cecum, although it can sometimes be demon- 
strated on pressure films. Two cases are 
described in which the lips of the valve were 
enlarged. At operation hypertrophy of the lips 
of the valve with edema of the mucosa was found, 
the edema involving the terminal ileum and 
attributed to alcoholism with nutritional defi- 
ciency. In the second case the hypertrophy was 
also due to edema of the ileal side of the valve 
projecting into the cecum and producing early 
regional enteritis. 


Carcinoid Tumors.—In a study of 130 car- 
cinomas of the small intestine 30 so-called 
carcinoid tumors were found.**® Thirteen of 
these had metastasized locally or distantly. Nine 
of the tumors were responsible for disabling 
symptoms, chiefly chronic intestinal obstruction. 
The lesions may occur anywhere from the 
esophagus to the anus, but they tend to be 
present in the terminal segments of the ileum 
as small orange submucosal nodules with minimal 
ulceration. Fifty per cent of the tumors were mul- 
ticentric. Puckering and kinking were observed 
in the region of the tumor. Involvement of 
regional lymph nodes was observed in 11 and 
hepatic metastasis in 5. The term “little car- 
cinoma” is apt, for large lesions are rarely 
encountered, although the metastatic deposits 
may be very large. Evidence is afforded that 
all carcinoid tumors are in essence peculiar low 
grade (1, Broders) adenocarcinomas.’ Never- 
theless, it is suggested that the word “carcinoid” 
be appended by virtue of usage and as a designa- 
tion of the peculiar mode of origin, life history 
and spread of these rather unusual neoplasms. 
They are always malignant, and metastasis 
occurs in at least a third.*** Two cases of car- 
cinoid tumors of the ileum are reported,*** in 
both of which the symptoms of intestinal obstruc- 
tion were present together with metastases to the 
regional lymph nodes. The unusual features in 
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the case of Korkosz **® are a spontaneous per- 
foration of the ileum proximal to the site of the 
lesion and a general atrophy of the colonic 
mucosa associated with a submucous fatty 
replacement. A clinical diagnosis of terminal 
ileitis was corrected by microscopic examination 
to argentaffinoma of the ileocecal valve.**° 

A carcinoid tumor of the cecum with local 
and distant metastases is reported *** in a 70 year 
old man, the fifth case of carcinoid tumor of the 
cecum in the literature. . 


Carcinoma.—Boman,*** in a paper on primary 
carcinoma of the jejunum and ileum, reviews 
the literature briefly and reports 7 interesting 
cases. Metastases to the mesenteric nodes were 
present in all and to the omentum and perito- 
neum in 1. Black *** reports ileoileocolic intus- 
susception caused by a polypoid carcinoma of 
the ileum 40 cm. proximal to the ileocecal valve. 
In 16,318 necropsies performed at the Cook 
County Hospital, Chicago, there were only 3 
cases of primary carcinoma of the jejunum, 
including 1 intussusception.*** 

Sarcoma.—A successfully resected sarcoma of 
the jejunum in association with von Reckling- 
hausen’s disease is described.*** Though neuro- 
sarcoma occurs in 20 per cent of the cases of 
von Recklinghausen’s disease, the occurrence in 
the jejunum is extremely rare. A malignant 
lymphoma with perforation of the small intestine 
is reported.*** 

APPENDIX 


Acute Appendicitis —Etiology: In 61 cases of 
catarrhal appendicitis, Bowen *** found a sterco- 
lith in only 5 per cent, whereas in 63 cases with 
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gangrene it was present in 63 per cent; from 
this he concludes that in the severe grades of 
appendicitis the stercolith is clearly an important 
factor. 

Diagnosis: Tripodi and Kruger *** report a 
case of appendical calculus recognized preopera- 
tively by the presence of calcification in the right 
lower abdominal quadrant roentgenologically. 

Shannon **° is of the opinion that obstructive 
appendicitis should be suspected in children 
who complain of repeated gastric upsets with 
abdominal pain, nausea and vomiting and that 
appendectomy should be performed before acute 
appendicitis develops. Globe **° distinguishes 
the generalized pain due to distention of the 
appendix from the localized pain due to irrita- 
tion of the peritoneum. Hutchinson *** reports 
bleeding from the inferior epigastric vessels in 
a 28 year old man with no history of trauma, in 
whom the symptoms suggested appendicitis. 
Myers and Rominger **? report a retroperitoneal, 
retrocecal mucocele of the appendix of enormous 
size in a 72 year old patient. Newerla and 
Connally *** report a case of gangrenous appen- 
dicitis in a strangulated femoral hernia of the 
Richter type. River and Gradinger *** report 
appendiculocolic fistula with recurring attacks 
of pain in the right lower quadrant of the 
abdomen and a roentgenologic deformity of the 
cecum suggestive of neoplasm. 

Hatchette **° describes left-sided appendicitis 
diagnosed entirely by roentgenologic examina- 
tion, and confirmed by operation and pathologic 
examination. The incomplete rotation of the 
colon was not discovered until the roentgenologic 
examination. The pain was located in the left 
side of the abdomen, just above the level of the 
anterior iliac spite. On roentgenoscopic exam- 
ination the proximal half of the transverse colon 
and a portion of the ascending colon were parallel 


to the distal half of the transverse colon and the 
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cecum lay parallel to the descending colon and 
anterior to it. The appendix filled well, was 
painful to pressure and contained a moderate- 
sized filling defect at the tip. At operation the 
tip of the appendix was included in an inflamma- 
tory process forming an abscess and involving 
also the mesentery of the small bowel of the left 
side. Since most reports in the literature state 
that the pain in left-sided appendicitis occurs on 
the right side, the location of the pain in this 
instance is ascribed to involvement of the mesen- 
tery. Prescott and Zollinger **° report 3 cases 
of acute appendicitis in situ inversus totale, in 
none of which the symptoms were referable to 
the right side. 

Fraser,8**7 in a well documented historical, 
clinical, etiologic and pathologic study of intus- 
susception of the appendix describes 7 instances 
of . mple intussusception of the partial and com- 
ple’: types and refers to 82 cases in the literature. 
The characteristic clinical feature is the occur- 
rence of very severe attacks of colic with periods 
of omplete remission. Complete inversion of 
the appendix into the cecum may be associated 
wit’) cecocolic intussusception and the appendix 
pal; ited at the rectum.*** 

/ -eatment.—Behrend **° in reviewing 4,283 
cass found that in 2,459 cases of acute appen- 
dici'is the mortality was 1.34 per cent. Appar- 
enti the mortality from appendicitis has been 
kept at a very low level in the lust decade chiefly 
bec:use of prompt diagnosis and operation and 
also because the number of interval and prophy- 
lactic appendectomies has reduced the number 
of possible cases **° of acute disease. 

Spencer *** reports 100 cases of suppurative 
and gangrenous appendicitis in patients treated 
in a small rural hospital with a mortality of 2 per 
cent. In 25 cases with perforation the mortality 
rate was 4 per cent. Chenoweth **? reviews a 
series of 149 cases of appendical abscess. In 
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Abscess, 


60 per cent the patients were subjected to 
appendectomy with drainage and in 40 per cent 
to incision and drainage only. The general 
mortality was 4.7 per cent. Of the patients 
whose appendixes were not removed either at 
the time of drainage or at a secondary elective 
operation 40 per cent had recurrent abscess. 

In a review of 903 cases of perforative appen- 
dicitis both the morbidity and the mortality were 
reduced by the use of sulfonamide drugs, the 
mortality rate decreasing in the years from 1939 
to 1942 from 9.2 per cent to 3.4 per cent as the 
use of sulfonamide compounds increased.*** 


DYSENTERY AND DIARRHEAL DISEASES 


Epidemic Diarrhea of the Newborn.—Geiger 
and Sappington *** report on an epidemic of 
diarrhea in the newborn infants, 324 cases with 
45 deaths. Most of the patients were exposed 
apparently to infection during the first two weeks 
of life, and enteritis developed one to two weeks 
later. No definite etiologic factor was identified. 
Sakula **° studied an outbreak of gastroenteritis 
in the nursery of a maternity department in 
which 18 infants contracted the disease and 15 
died, a mortality of over 80 per cent. The dis- 
semination was confined to bottle-fed infants. 
The observations at necropsy suggested an acute 
toxic condition rather than an intestinal infection. 
Pseudomonas pyocyanea was isolated from the 
stools or elsewhere in 11 of the 25 cases. 

Draper *** reports 22 cases of gastroenteritis 
in children under 5 years of age, Bacillus 
typhimurium being isolated from the stools in 
20 and Bacillus Reading in 2. | 

Light and Hodes *** studied six separate 
epidemics occurring in three hospitals in the 
Baltimore-Washington area from the standpoint 
of a possible filtrable agent. In four of the 
epidemics a filtrable agent was isolated which 
regularly produced diarrhea in calves. This 
agent was not recovered from the stools of nor- 
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mal infants or normal calves. The evidence sug- 
gested, therefore, that the agent might be a 
cause of epidemic diarrhea of the newborn. 
Cultures of stool were uniformly negative for 
known diarrhea-producing organisms. The 
filtered stools were given by nasal inoculation. 
Successive passages through calves were found 
readily possible with each of the four strains, 


and the results of studies of cross immunity, 


indicated that the four strains represented a 
single agent. The disease was produced in a 
total of 84 calves. Reimann, Price and 
Hodges **§ studied an epidemic of diarrhea, 
nausea and vomiting of unknown cause, excluded 
food poisoning, found none of the usual bacteria 
or other parasites commonly associated with 
enteritis and attempted to isolate a filtrable 
infectious agent similar to that described by 
Light and Hodes, with negative results in the 
8 experiments performed with fecal material 
preserved frozen with solid carbon dioxide for 
two months. Gunn **® reviews 411 cases of 
acute gastroenteritis. Glaser and Bruce 
report that in treatment the administration of 
unlimited amounts of butter milk, skimmed milk 
and protein milk decreased the period of hospital- 
ization and the death rate. 


Vitamin Deficiency.—Wintrobe and his asso- 
ciates *** found that pantothenic acid deficiency 
in young pigs was characterized by diarrhea, 
then dysentery and loss of appetite, striking 
impairment of growth, loss of hair, cough and 
excessive nasal secretion, changes in the tongue 
and abnormal gait. Extensive colitis was shown 
by hyperemia, edema and ready bleeding of the 
bowel when examined rectosigmoidoscopically. 
At autopsy the changes ranged from diffuse 
hyperemia with increase in the size of the lym- 
phoid follicles and the formation of small ulcers 
to extensive inflammatory changes involving the 
entire intestine. Histologically, atrophy of the 
cells lining the glands of the mucosa, abscess 
formation and ulceration were observed. The 
administration of 500 or more micrograms of 
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calcium pantothenate per kilogram of body 
weight per day was accompanied with cessation 
of diarrhea, gradual improvement in the condi- 
tion of the bowel, restoration of normal blood 
values, growth of hair and gain in weight. 
Food Poisoning.—Tapp *** in reviewing the 
causes of food poisoning lists the following: 
bacterial causes as Salmonella, staphylococcus 
toxin and Clostridium botulinum; “milk sick- 
ness” due to trematol, a poisonous substance 
contained in weeds eaten by cattle and excreted 
in their milk; fungus poisoning, from inedible 
mushrooms; ergotism, from grain; mussel poi- 
soning, and cadmium poisoning, from the metal 


used to plate cooking utensils. Hoechstetter °° 


discusses shellfish and mushroom poisoning. 
DeLay *** describes an outbreak of characteristic 
staphylococcic food poisoning in which entero- 
toxigenic staphylococci were obtained from a 
bread pudding served at the meal preceding the 
outbreak. About 400 of the 600 men served 
were affected. The pudding was allowed to 
stand at room temperature (75+ F.) for over 
twenty-four hours. The outbreak illustrates the 
need for adequate facilities for refrigeration and 
their use. 

Bacillary Dysentery—The most important of 
the diarrheal diseases, according to Callender *® 
is bacillary dysentery. Typhoid and the dysen- 
teries ordinarily increase under the same unsani- 
tary conditions.’ In the present war, however, 
typhoid vaccine appears to have controlled the 
incidence of this disease, while bacillary dysen- 
tery, for which no immunization has been 
developed, has risen in troops to heights equal 
to those of twenty years ago. 

Hardy and Watt *** report on an excellent 
study carried out in Puerto Rico, New Mexico, 
Georgia and New York city. Satisfactory clini- 
cal data were obtained in 1,247 of 1,499 cases, 
with an epidemiologic history of 830 households. 
The term “shigellosis” is suggested for all infec- 
tions due to pathogenic varieties of Shigella. 

During the. months of May, June and July 
1943 an outbreak of acute enteritis occurred 


362. Tapp, E. M.: Food Poisoning, M. Bull. Vet. 
Admin, 20:61-66, 1943. 

363. Hoechstetter, S. S.: Food Poisoning, M. Bull. 
Vet. Admin. 20:58-60, 1943. 

364. DeLay, P. D.: Staphylococcal Enterotoxin in 
Bread Pudding, Bull. U. S. Army M. Dept., 1944, no. 
72, pp. 71-73. . 

365. Callender, G. R.: Dysenteries and Diarrheas: 
Their Importance in Military Service, War Med. 4:459- 
464 (Nov.) 1943. 

366. Hardy, A. V., and Watt, J.: (a) The Acute 
Diarrheal Diseases, J. A. M. A. 124:1173-1179 (April 
22) 1944; (b) Newer Procedures in Laboratory Diag- 
nosis and Therapy in the Control of Bacillary Dysen- 
tery, Am. J. Pub. Health 34:503-509, 1944. 
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among Army personnel stationed in North 
Africa. It was characterized by two types of 
enteritis, one mild and the other severe. The 
causative organisms were Shigella paradysen- 
teriae (Flexner) 73 per cent, Shigella ambigua 
11 per cent, unidentified paradysentery bacilli 9 
per cent, Shigella sonnei 3 per cent, Shigella 
madampensis 2 per cent and Shigella enteritidis 
2 per cent. The wide distribution of the Shigella 
paradysenteriae (Flexner) was proved by the 
fact that it was identified in other laboratories 
in other areas in North Africa. Gowen,**’- on 
epidemiologic grounds, concludes that transmis- 
sion by flies was probably the most important 
factor in the spread of the disease, although 
contact with carriers and persons with mild 
unrecognized forms of the disease undoubtedly 
plaved an important part once the troops had 
been seeded with the infection. Adams and 
Atwood,*** in a study of 251 cases of bacillary 
dysentery found shigella organisms in 90 per 
cent of the patients, salmonella organisms in 6 
patients and an organism belonging to the para- 
colon group in 33 patients. Of the shigella 
organisms found, 70.9 per cent were Shigella 
paradysenteriae and 8 per cent Shigella New- 
castle. These responded to therapy with sul- 
fonamide compounds. Twenty-eight infections 
due to Shigella sonnei and Shigella alkalescens 
did not respond to chemotherapy. 

sacillary dysentery occurs in Chicago as a 
sporadic disease throughout the year, with 
greater frequency in late summer and autumn 
months, 307 cases having been encountered at 
the Cook County Hospital during the years 1938 
to 1941 inclusive.**® Some patients acting as 
“carriers” harbor the organisms over extended 
periods, in this series as long as seventy days. 
The mortality during the years 1938 to 1941 
inclusive was 7 per cent, the majority of deaths 
occurring among the very old and the very 
young. Felsenfeld and Young,*”° in 13,000 stool 
examinations of the state hospitals of the greater 
Chicago area, isolated 64 strains of Salmonella 
belonging to 19 types. Organisms were fre- 
quently found in symptomless carriers. Treat- 


367. Gowen, G. H.: Acute Enteritis in North Africa, 
Bull. U. S. Army M. Dept., 1943, no. 71, pp. 55-58. 

368. Adams, J. W., Jr., and Atwood, R. T.: Bacillary 
Dysentery: A Bacteriologic and Clinical Analysis of 
251 Cases Occurring in an Army Camp, War Med. 5: 
14-20 (Jan.) 1944, 

369. Chesley, F. F., and Woolsey, C. I.: Frequency 
of Bacillary Dysentery at the Cook County Hospital, 
Chicago, Illinois, Gastroenterology 2:258-264, 1944. 

370. Felsenfeld, O., and Young, V. M.: The Occur- 


ence of Members of the Genus Salmonella in Inhabitants 


of State Hospitals of the Greater Chicago Area, J. Lab. 


. & Clin. Med, 29:375-382, 1944. 


ment of the carriers with sulfonamide compounds 
resulted in failure. A number of dysentery 
infections were successfully treated with sulfa- 
diazine and sulfathiazole; but those due to 
Salmonella typhimurium, the most common 
type, were resistant. A new three sugar medium 
has been devised *** for the differentiation of 
Salmonella and paracolon organisms. Littman *”? 
describes a rapid method for the isolation and 
identification of the enteric pathogenic organisms 
from the feces, utilizing standard mediums and 
generic charts of fermentative reactions and 
serologic characteristics. Larkum *** discusses 
the bacteriologic classification. | Wheeler ** 
describes a method for the serologic identification 
of the pathogenic dysentery bacilli, utilizing a 
slide agglutination test, and presents the result 
of the serologic typing of 1,005 Shigella strains. 

Acute dysentery in an infant 14 months of 
age is attributed to Shigella alkalescens.***° The 
pathologic changes were located primarily in the 
lymphoid tissue in the colon and in the ileum and 
contrasted with the diffuse involvement of the 
mucosa when Shiga and Flexner organisms are 
present. Attempts to infect animals were unsuc- 
cessful, although Edward did produce lesions in 
the rabbit almost identical to those seen in this 
case. Stuart and co-workers *”* isolated from the 
stools of sick infants, normal exposed infants 
and normal adults having contact with the infants 
during an epidemic of gastroenteritis Shigella 
alkalescens and antigenically related organisms, 
forming an almost perfect intergrading series 
biochemically from S. alkalescens to Escherichia 
coli, thus suggesting their probably evolutionary 
development. 

Seligmann and Hertz *’ isolated fifteen dif- 
ferent types of Salmonella in 37 cases observed 
at the Beth Israel Hospital. One or more types 
from each of the Salmonella groups was isolated 
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in Florida.*** A new Salmonella type obtained 
from the stool specimens of a normal food 
handler has been designated Salmonella missis- 
sippi.*7° 

Ferguson and Hook **° describe a method of 
distinguishing proteus and salmonella organisms 
by their growth on a medium containing urea, 
the proteus organisms decomposing the urea 
and the salmonella organisms showing no 
activity. 

Snapper,** in an analysis of the acute out- 
breaks of salmonella infections in Western 
Europe and also in the United States attributed 
to contaminated duck eggs, shows that the dis- 
ease usually does not result directly from the 
ingestion of infected eggs, the number of organ- 
isms in any one egg being small, but rather is 
due to the infection of custards, puddings and 
other dishes in which growth and multiplication 
of the organisms occurs. 

Coughlin **? describes a hotel outbreak of 
gastroenteritis affecting 83 persons, including 
70 of the 78 persons attending a college alumni 
dinner, 10 of the 19 attending an insurance 
company’s dinner, 2 members of the hotel staff 
and a guest at the hotel. The infection was 
attributed to chef’s salad prepared by the assis- 
tant chef, who was the only hotel employee who 
remained well and in whose stools Salmonella 
derby were found: The evidence, however, was 
not conclusive. Coleman, in discussing this 
paper, points out that more than -100 species of 
Salmonella are now recognized and suggests 
that while human carriers must be recognized as 
a potential source of infection, even though 
epidemiologic studies seldom indicate transmis- 
sion from person to person, the frequency with 
which various salmonella organisms have been 
found in tissues from apparently normal as well 
as diseased animals and birds suggests that they 
constitute the main reservoir for human infec- 
tion. 
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An outbreak of milk-borne gastroenteritis due 
to Salmonella dublin affected 162 persons. 
The source of the infection was traced to an 
apparently healthy cow excreting large numbers 
of the organisms. An epidemic of sonne dysen- 
tery was due apparently to an infected water 
supply, as the bacillus was isolated from a sample 
of the water which had passed satisfactorily the 
usual bacteriologic tests after chlorination.*™ 
Hailwood *** describes an outbreak of Sonne 
dysentery spread by food infected by a chronic 
carrier who gave a history of diarrhea one year 
previously. He was the only person whose stools 
contained Bacillus dysenteriae Sonne who was 
asymptomatic during the period of the epidemic. 
Zellweger,*** in a study of an epidemic of bacil- 
lary dysentery (type Sonne-Kruse) occurring in 
soldiers in the field and attributed to the con- 
tamination of the food by flies, emphasizes the 
importance of prophylaxis because of the enor- 
mous disability occasioned by the epidemic. 

Ethylene glycol and phenol extracts oi the 
Shiga bacillus produce considerable immunity 
in the mouse to infection with fully toxigenic 
strains of Bacterium shigae.**’ Large doses of 
formaldehyde-treated vaccine induce resisiance 
to infection in mice almost as well as the extract 
but fail to elicit agglutinins to the same extent. 
In an effort to find an agent which would be 
polyvalent and relatively nontoxic for the 
prophylactic immunization of human __ beings 
against dysentery bacilli infections, an antigen 
prepared from type V Shigella paradysenteriae 
was found to give rise in human beings to anti- 
bodies which are broadly cross reactive.*** The 
toxic properties of the antigen are undesirable 
but apparently not prohibitive when the antigen 
is used in the small quantities required. Whether 
it will afford protection against bacillary dysen- 
tery awaits trial in the field. Age apparently is not 
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385. Hailwood, J. G.: The Carrier State in Sonne 
Dysentery, Brit. M. J. 2:806-807, 1944. 

386. Zellweger, H.: Ueber Eine Dysenterie—Epi- 
demie (Typhus Sonne-Kruse) in Artivdienst, Schweiz. 
med. Wchnschr. 24:422-426, 1943. 

387. Schutze, H.: Extracts of Bacterium Shigae 4 
Immunizing Agents in Mouse, J. Path. & Bact. 58: 
457-464, 1943. 

388. Goebel, W. F.; Perlman, E., and, Binkley, F.: 
Antibody Response in Man to Injection of the Specific 


Antigen of Type V Shigella Paradysenteriae, Science 


99:412-413, 1944. 


fun 
inte 
effc 
oth 
par 
of 
the 
tina 
of 
gro 
subs 
earl 
dyse 
one 
sulf. 
diar 
able 
per 
wert 
rem: 
was 
war« 


tend 


“foo 
doul 
num 
with 
orga 
tery 

abso! 
of al 


Ch 
giver 
0.195 


Speci: 
Colitis 

391. 
Tract 
M. Sc 


|_| 

a. 
to: 
dy 
the 
Sh 
of 
be 
sto 
15( 
va. 
] 
| Mc 

389, 
Age 
toxin 
390. 


due 
ns 388 
O an 
ibers 
ysen- 
vater 
mple 
y the 
yn 
onne 
ronic 
year 
tools 
was 
emic, 
acil- 
ng in 
con- 
the 


unity 
venic 
es of 
Lance 
‘tract 
‘tent. 
d be 

the 
eings 
igen 
eriae 
anti- 

The 
rable 
tigen 
ether 
ysen- 
is not 


Milk- 
Brit. 


losive 
9-261, 


PALMER ET AL—GASTROENTEROLOGY 


a significant factor in susceptibility to the endo- 
toxin of S. paradysenteriae.**® 

D'Antoni **° distinguishes chronic bacillary 
dysentery in which there is a continuation of 
the dysenteric stools, with pus and blood, from 
Shigella colitis, in which there is only a diarrhea 
of liquid feces. In the latter the organisms may 
be difficult to demonstrate, 20 examinations of 
stools being required in some instances. In the 
150 cases observed an average of 5 stool exam- 
inations were required before a positive diagnosis 
was made. a 

Felsenfeld,*** with special reference to the 
Monilia-Cryptococcus-Geotrichum group of 
fungi, investigated the mycotic flora of the 
intestinal tract of institutionalized patients in an 
effort to find possible causes of enteric infections 
other than the common pathogenic bacteria and 
parasites. The first group of patients consisted 
of 300 newly admitted persons and 600 from 
the wards for chronic disease, all without intes- 
tinal disturbances. The second group consisted 
of 100 chronic typhoid carriers. The third 
grou, composed of patients with diarrhea, was 
subd: vided into these classifications: 47 in the 
earl) acute stage of Shigella sonnei and para- 
dyse:itery infections ; 51 with baeillary dysentery 
one week after termination of treatment with 
sulfa: hiazole, and 103 who had food upsets with 
diar: 1ea of short duration and without determin- 
able cause. Of the newly admitted patients 26.6 
per cent had no fungi. The three species of fungi 
were found in about equal numbers in the 
remainder, and in the majority only one species 
was present. In the patients from the chronic 
ward and the typhoid carriers there was some 


tendency to harbor two or three species. In the 


“food upset” group the incidence of Geotrichum 
doubled with a 50 per cent increase in the 
number harboring two species. In the group 
with bacillary dysentery the incidence of Monilia 
organisms increased. In the patients with dysen- 
tery treated with sulfathiazole there was an 
absolute and a relative decrease in the incidence 
of all three species of fungi. 


Chemotherapy.—Succinylsulfathiazole was 
given to 3 dysentery carriers in amounts of 0.147, 
0.195 and 0.220 Gm. per kilogram of body 
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weight daily.*°? These amounts did not success- 
fully eliminate the organisms from the stools 
when given for seven days, but when given for 
fourteen days they did so. A fourth patient did 
not respond to 0.166 Gm. of the drug per kilo- 
gram daily for fourteen days but was rendered 
free from dysentery bacilli by 0.25 Gm. per kilo- 
gram daily for five days. A fifth patient re- 
covered spontaneously from the carrier state. 
Although relatively small amounts of succinylsul- 
fathiazole are effective if continued for a long 
time, a dosage of 0.25 Gm. per kilogram daily 
for five to seven days should uniformly eliminate 
dysentery bacilli from the stools of carriers in a 
short time. 

In an outbreak of Sonne dysentery involving 
50 children in an orphanage with a total census 
of 145, organisms were found in the stools of 
83.5% The administration of sulfathiazole and 
sulfadiazine in doses of 1 grain (0.06 Gm.) and 
sulfaguanidine and succinylsulfathiazole in doses 
of 2 grains (0.13 Gm.) per pound (0.5 Kg.) of 
body weight cleared 90 per cent of the positive 
stools in four days. The remaining 10 per cent 
were cleared with one or two additional courses 
of treatment. The administration of the drugs 
caused complete inhibition of growth of intestinal 
bacteria for a time in 80 per cent of the persons 
treated with sulfadiazine, 63 per cent of those 
treated with succinylsulfathiazole and 37 per 
cent of all treated with sulfaguanidine. 

Sulfaguanidine has been used during the early 
convalescent stage of Sonne bacillary dysentery 
in an attempt to shorten the carrier state; the 
attempt was unsuccessful when one fourth of 
the therapeutic dose was given daily, but in 
another experiment in prophylaxis 2 Gm. daily 
for ten days given to thirty-six persons at the 
outset of an epidemic apparently prevented 
dysentery, whereas of 45 persons used as controls 
9 contracted the disease.*** Smith *** treated 44 
young women, mainly symptomless carriers of 
Bacillus dysenteriae (Flexner), with massive 
doses ; the bacteriologic results were satisfactory, 
but in 21 of them a toxic rash developed on about 


the ninth day of treatment. Eight of 12 patients 
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reacted to a sensitization dose of other sulfona- 
mide compounds; this fact suggests that the 
guanidine radical may be the sensitizing agent. 

Thirty carriers of Shigella paradysenteriae 
were treated with 20 Gm. of sulfaguanidine for 
six days and 55 with 20 Gm. of succinylsulfa- 


thiazole for six days.*®® Dysentery bacilli disap- 


peared from the stools in every patient, the 
criterion being a minimum of nine consecutive 
negative reports after cessation of treatment. 
No significant toxic reactions attended the use 
of either drug, but the patients receiving suc- 
cinylsulfathiazole experienced minor annoyances. 
Page *** reports on 208 cases of bacillary dysen- 
tery treated with sulfaguanidine with no deaths 
or serious complications ; in 91 per cent Shigella 
paradysenteriae was found and in 8 per cent 
Shigella sonnei. In 2.8 per cent of the cases, in 
all of which the disease was due to S. paradysen- 
teriae, negative stools were not obtained after 
a ten day course with sulfaguanidine; these 
responded to a five day course of succinylsulfa- 
thiazole. In a study of 200 cases of confirmed 
bacillary dysentery, sulfaguanidine gave results 
superior, both clinically and bacteriologically, to 
those from aperients and chalk, but, even so, 
30 per cent of the patients still had bacteriologi- 
cally positive stools in convalescence, as 
compared with 50 per cent with the other treat- 
ments.*** Pyrexia did not appear to influence 
the effect of sulfaguanidine to any great extent. 
The use of broth enrichment technic revealed 
many positive results which would have been 
missed if direct plating had been employed. 
Baker ** treated 26 patients with sulfaguanidine 
and 31 patients with sodium sulfate. The 
patients receiving sulfaguanidine had a more 
rapid reduction in the diarrhea, less toxemia and 
a quicker return of the rectal mucosa to normal 
on proctoscopic examination. Chronic Flexner 
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dysentery treated successfully with succinylsulfa- 
thiazole is reported.*”° 

Poth and Ross* found that when N4- 
phthalylsulfathiazole is fed to dogs in doses of 
0.25 Gm. per kilogram of body weight per day 
the coliform organisms may be completely elim- 
inated from the bowel in three days. There was 
no evidence of toxicity. The bacteriostatic effect 
is two to four times that of succinylsulfathiazole. 
With this dosage the concentration of the drug in 
the blood did not exceed 3 mg. per hundred cubic 
centimeters. Callomon and Raiziss,*°? studying 
the bactericidal action of succinylsulfapyrazine 
and malylsulfathiazole against the intestinal 
coliform flora of normal mice, found the former 
to be more effective than succinylsulfathiazole 
and equal to sulfaguanidine, whereas the latter ap- 
proximated succinylsulfathiazole in effectiveness, 
Four new sulfonamide drugs — sulfamerazine, 
phthalylsulfadiazine, phthdlylsulfamerazine and 
phthalylsulfathiazole — were tested in vitro by 
Schweinburg and Yetwin for their action against 
certain enteric pathogens.*°* On the whole, the 
action of these drugs was similar to that of the 
older sulfonamide compounds. The shigellas 
proved more susceptible than other organisms. 


Boyd and Portnay *° found that bacteriophage 
of high specific potency was of no prophylactic 
or therapeutic value in treatment of bacillary 
dysentery. 

Cholera.—Huang *” reports that only 1 of 22 
patients with Asiatic cholera treated with sulfa- 
guanidine died and that the patients showed 
general improvement from three to four hours 
after the beginning of treatment. 
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